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ABSTRACT 
 
This study compares perceptions of facility managers on green roof attributes and 
barriers for their implementation. The population under study were the four IFMA 
chapters of the State of Texas (Austin, Dallas-Fort-Worth, Houston and San Antonio). A 
questionnaire containing 21 statements related to green roof attributes and 14 statements 
related to green roof barriers for their implementation was used and responses were 
measured on a five-point Likert scale. Two types of questionnaires were used to collect 
responses. An online questionnaire that was distributed through the chapter’s members 
list, and face to face responses were obtained on IFMA chapters meetings. The response 
rate for the questionnaire was 7.7%. The nonparametric statistic method of Kruskal-
Wallis was used to check for differences among the four chapters with respect to 
perceptions on a given statement. The responses suggest that facility managers generally 
agreed with the majority of the statements regarding benefits that green roofs can 
provide. Similarly, the majority of facility managers tended to agree with the statements 
regarding barriers for green roofs implementation. The results of the investigation for 
α=0.05 and a p-value=7.815 showed that no significant differences were found for any 
of the 35 statements with respect to the facility managers perceptions. 
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1. INTRODUCTION  
 
According to the USGBC (2009), “the built environment has a vast impact on the 
natural environment, on human health, and on the economy. By adopting green building 
strategies, builders can maximize both economic and environmental performance”. As 
LEED certifications are becoming more common in properties in the United States, it is 
worth noting that a green roof can help a property obtain LEED credits.  
The 2012 annual green roof industry survey conducted by GRHC, the North 
American green roof industry grew by 24% in 2012 over 2011, keeping up with the 
strong growth rates the industry has experienced over the past decade. Although the 
report does not show cities of Texas among the top 20 North American Metro regions 
with more square feet of green roofs installed, it does recognize the efforts of Austin to 
implement policies that promote green roofs (Erlichman, P., Peck, S. 2013). 
Peck (2010) states that to assure the success of a green roof a combination of 
knowledge and expertise on different areas like horticulture, building waterproofing, 
structural engineering, project management, water management, growing media, state 
laws, building codes and maintenance is required. “Facility managers are the 
professionals that encompass multiple disciplines to ensure functionality of the built 
environment by integrating people, place, process and technology” (IFMA2013). Thus, 
facility managers should have some expertise on these areas in order to provide the 
adequate maintenance to a green roof during its lifecycle (Peck 2010).  
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1.1 Problem Statement 
  
A thesis on the perceptions of North Texas stakeholders on green roofs revealed 
perceptions of cost and lack of incentives as major barriers to the adoption of green roofs 
(House 2009). Facility managers have the capacity to influence how receptive an owner 
can be towards the issues of sustainability and green buildings. “If a facility manager can 
build an economic case for them, the odds of success for green projects increases 
dramatically” (Hodges 2005). Consequently, the opinion of facility managers can 
become important regarding the implementation of sustainable technologies. House 
(2009) suggests the necessity of research related to perceptions of maintenance 
personnel on green roof systems in the state of Texas. 
The purpose of this study is to compare the perception of facility managers on 
green roofs attributes and barriers for their implementation among the IFMA chapters of 
the state of Texas. 
 
1.2 Study Objectives 
 
- Compare the perception of facility managers on green roofs attributes among the 
IFMA chapters of the State of Texas. 
- Compare the perception of facility managers on green roofs barriers for their 
implementation among the IFMA chapters of the State of Texas. 
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1.3 Significance 
 
The green roofs industry has been growing in the last years, cities like Austin 
Texas have adopted policies to promote green roof technologies.  This research will 
provide an initial look at the perception that facility managers have on green roofs 
environmental, economic and aesthetic attributes; as well as technical, cost, knowledge, 
awareness, lack of government support, and physical barriers. After an extensive 
literature review, no other study was found that covered this area of knowledge. 
Therefore, providing a perspective of the green roof development in Texas through such 
important professionals as facility managers makes this study significant. 
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2. LITERATURE REVIEW 
 
2.1 Facility Management and Sustainability 
 
The concept of sustainability has spread among our society in almost every 
professional field. According to Hodges (2005) “the benefits of sustainability and green 
building practices in facility management are well established. Reduction in energy 
consumption, productivity increases, waste reduction, and many other beneficial effects 
of sustainability can be quantified and presented to an organization’s leadership in order 
to defend sustainable practices and their positive effect on the bottom line”.  
Hodges (2005) describes on his paper “A facility manager’s approach to 
sustainability”, the impact facility managers can have on owners and organizations to 
promote green practices. Hodges (2005) also discusses the knowledge required by 
facility managers on finances to promote sustainability. Facility managers have the 
capacity to dictate how receptive an owner can be towards the issues of sustainability 
and green buildings. If a facility manager can demonstrate the economic viability for 
green technologies, the chances of these technologies succeeding grow considerably. 
(Hodges 2005). 
On his paper, Hodges (2005) concludes that sustainable practices are not seen as 
long lasting technologies, therefore the drive towards a long-term view can come from 
the credibility and knowledge of facility managers.  According to Hodges (2005) 
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“building the business case for sustainability starts with the group that has the most 
knowledge of the long-term costs and methodologies of managing physical assets”. 
Sustainable technologies like green roofs that have significantly longer life 
expectancy than conventional roofs, require optimal maintenance to keep them 
functioning at their best (Peck 2010). According to Peck (2010) successful green roofs 
require a combination ok knowledge and expertise on critical non-living elements such 
as waterproofing, structural engineering and project management. Also, on living 
architectural components such as water management, growing media, plants and 
maintenance. 
 
2.2 Facility Management and Green Roofs  
 
According to Peck (2010) “Facility managers play a key role in assuring the 
optimal performance level of green roofs. One of the main causes of plant failure on 
green roofs is the lack of proper maintenance over the first five years”. Peck (2010) 
recommends establishing detailed maintenance plans during designing phases of the 
green roofs in order to assure short and long term success. Irrigation systems and 
waterproofing assembly require periodic maintenance, also hiring a landscape contractor 
to maintain healthy plants are many of the tasks a facility manager should consider.  
With so many disciplines involved with the construction and maintenance of green roofs 
systems, specialized training becomes valuable to any professional involved with this 
technology. 
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According to the GRHC annual green roof industry survey for 2012, the North 
America green roof industry grew by a remarkable 24% in 2012 over 2011. The total 
estimated amount of square feet installed in 2012 was 19,984,000. The top metropolitan 
regions with more square feet of green roofs in 2012 are Washington DC, Chicago, New 
York City, Toronto and Philadelphia. The jurisdictions with most green roofs 
installations are also those who have embraced policies to support their implementation 
(Erlichman and Peck 2013). Although green roofs systems are not vastly popular in 
southern states of the United States (House 2009), cities like Austin have managed to 
create policies that encourage their creation (2010 GRAG Report). 
 
2.3 Perception Studies on Green Roofs 
 
2.3.1 Study of Stakeholders Perceptions on Extensive Green Roofs  
 
The increasing popularity of green roof systems, has motivated several 
researchers to evaluate the perception of professionals, stakeholders and residents 
regarding the technology.  House (2009) conducted a study of the North Texas 
Stakeholders perceptions of extensive green roofs.  The study examined developers, city 
officials, architects, and landscape architects in the North Texas region. House (2009) 
considered those professionals uniquely important to the decision making process in the 
areas of finance, public policy, design, and building practices.  
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House (2009) used a qualitative method approach, he conducted interviews with 
key stakeholders and decision makers in the Dallas-Fort Worth area. The transcripts of 
the interviews were later analyzed according to the theory regarding the diffusion of 
innovations. The interviews were conducted using a semi-structured approach with six 
open-ended questions. The research sample was selected from a working set of 
individuals that had certain characteristics such as being employed, conduct a business in 
North Texas and having more than 5 years of experience within the geographical area 
studied. 
The findings of House (2009) study, suggest that green roofs had multiple 
positive perceptions. Three frequently negative perceptions were documented regarding 
cost installation, maintenance and liability of green roofs. The most commonly cited 
positive perceptions were aesthetics, management of storm water run-off, insulation, and 
the reduction of reflective and radiant heat. The perceptions related to compatibility of 
green roof technology with the North Texas region had a negative tendency. Structural 
limitations, climate and weather related issues, and meeting expectations were cited. 
House (2009) arrived to the conclusion that stakeholders perceived extensive 
green roofs as being appropriate for use in North Texas. Concerns were raised regarding 
plant selection, weight requirements, initial cost, city codes and aesthetics. City officials 
and developers indicated their concern for the performance of green roofs in the North 
Texas extreme climate.  Landscape architects, and architects spoke of the multitude of 
benefits and appropriateness for the region. The overall perception of extensive green 
roofs was favorable, nonetheless the lack of education and knowledge over cost issues 
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was cited as a major barrier for green roof implementation. House (2009) suggests 
further research to be done on the perceptions of management companies and 
maintenance personal regarding green roofs. 
 
2.3.2 Study of Building Professionals Perception on Green Roofs  
 
Wong et, al (2005) conducted a study on perception of building professionals on 
the issues of green roofs. The objective of the study was to determine the current 
perception of building professionals on the issues of green roof development and any 
conflicting opinions among them. Wong et, al (2005) used two components for the field 
study, a self-administered postal survey questionnaire and interviews. 
The survey was conducted among three target populations, architectural firms 
landscape architectural firms, and developing firms. All of the firms consulted were 
recognized and registered in renamed national associations. The questionnaire had four 
sections and a five point Likert scale was used to measure the different levels of 
agreement on statements that were provided.  
The first section was designed to identify benefits of green roofs. Section two 
aimed to determine perceived barriers to the development of green roofs. The third 
section consisted of two questions that intended to determine other barriers for green 
roof development. The fourth section identified the respondents and the organization 
particulars. A total of 332 firms were surveyed with a final response rate was 31.3%. 
The interview questionnaire was used to obtain a more detailed description on the issues 
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of green roof development. Professionals that participated in the Garden City Awards in 
2001 and respondents of the postal survey that agreed on participating were selected for 
interviews. On the study data analysis, a T-test was used to check any significant 
differences on perceptions among the professional groups evaluated. 
 The conclusions of the investigation suggested that building professionals 
generally agreed with most of the benefits of green roof development. Landscape 
architects tended to disagree disagreed on the technical barrier statements. The research 
study provides an insight on green roofs concerns among building professionals and also 
reveals the positive perception this technology has. Wong et, al (2005) did not study 
facility manager’s professionals in his study. The importance of facility managers on the 
issues of development of sustainable technologies is a relevant topic that should be 
addressed.  
 
2.3.3 Study of Perceptions of Vertical Greenery Systems  
 
Wong et, al (2010) also developed a study titled “Perception Studies of Vertical 
Greenery Systems in Singapore”. The research objective was to discover the current 
perception of vertical greenery systems and barriers to their widespread adoption in 
Singapore. Wong et, al (2010) conducted a survey questionnaire among the five target 
populations used on Wong et, al (2005) study. The fourth target group were government 
agencies. The survey questionnaire was divided into three sections and a five-point 
Likert was used. The first section identified respondent’s awareness on vertical greenery 
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systems and their preferences. The second section was designed to identify which 
benefits of vertical greenery systems were perceived to be true. The third section sought 
to determine the perceived concerns of installing vertical greenery systems. A total of 
908 survey questionnaires were mailed out, with and overall response rate of 21.85%. 
Mean ratings where used to create radar charts in order to make inferential statements 
about the population studied. 
 The conclusions of the investigation suggested that several professionals have 
unclear conceptions of vertical greenery systems. According to the author, these 
misconceptions should be addressed by the government in order to rectify and promote 
vertical greenery systems. Education on vertical greenery systems are suggested as 
methods to correct the misunderstanding. The survey also revealed that more than half of 
the respondents would like to see vertical greenery systems implement in the buildings 
they work in, which indicates the demand for this green technology. 
 
2.3.4 Study of Perceptions of Green Roofs in Sydney, Australia 
 
In 2012 the city of Sydney in Australia started a development plan for green 
roofs and green walls. The city conducted a perception study to identify attitudinal 
factors influencing the local green roofs industry. The research objectives of the 
investigation were focused in understanding the levels of awareness on green roofs 
systems among the participants. Also, understanding the factors that motivated and 
promoted the installation of green roofs and determine the barriers that limited the 
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creation of more green roofs. The research had a qualitative approach, using a focus 
group conformed by 22 industry stakeholders for in depth interviews. And a community 
survey were 416 responses were gathered. A technical advisory panel was created that 
included experts in the field of green roofs to assist with the analysis section at key 
points in the research process (City of Sydney 2012). 
The findings of the focus group interviews showed that reliability of the 
waterproofing and irrigation systems rise significant concerns regarding risks associated 
with leaks. Secondly, the selection of the correct plant species was considered critical for 
the viability of green roof systems when taking into account the local climate conditions. 
Maintenance and accessibility of the infrastructure were also perceived as cost barriers 
to installation. Furthermore, the industry experts were heavily concerned with the costs 
of green roofs, since cost are generally considered to be high in relation to the 
environmental return (City of Sydney 2012). 
Further research was suggested by the city officials, to disseminate guidelines on 
appropriate plant species selection for different climatic conditions, and accurate data on 
costs associated with installation, maintenance and design. The focus group identified 
environmental and social amenity benefits as the strongest drivers for creating green 
roofs. The disposition of the city of Sydney to encourage green roof research, potential 
partnership approaches, and policy implementation are very important factors in the 
study (City of Sydney 2012). 
The community perception survey revealed a high level of awareness on green 
roofs matters. The study attributes the awareness to the attention that green roofs were 
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receiving from local media, and new high profile developments occurring in the city. 
Improving air quality was one of the areas that people from the community considered 
most important. The community also agreed with the idea of the city promoting and 
encouraging constructions of green roofs (City of Sydney 2012). 
The study concludes with 12 specific policy recommendations for the city of 
Sydney in order to guide further development and implementation of green roofs. In 
general the recommendations suggest the city, to play an active role in the leadership, 
education and awareness of green roof systems in the industry, community and 
stakeholders. Also, to enact a staged approach to a policy implementation that can 
contain financial and non-financial incentives to support the growth and development of 
green roofs (City of Sydney 2012).    
 
2.3.5 Study of Perceptions of Building Residents on Green Roofs in Spain 
 
   Various investigations on green roofs perceptions of building residents have 
been conducted in different parts of the world.  Fernandez-Cañero, Emilsson, Fernandez-
Barba and Herrera (2013) conducted a study of public attitudes and preferences in 
southern Spain regarding green roof systems. The investigation was performed as a 
visual preference study using digital images created to represent eight different 
alternatives of green roofs. 
Fernandez-Cañero, Emilsson, Fernandez-Barba and Herrera (2013) used a 
Likert-type scale survey, and evaluated 450 respondents that indicated their preferences 
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for each digital image. The results showed that green roofs with a more careful design, 
greater variety of vegetation structure, and more variety of colors were preferred over 
alternatives. Results also indicated that respondent’s childhood environmental 
background and socio-demographics influenced their preferences toward different green 
roof types. 
 
2.3.6 Study of Perceptions of Residents on Green Roofs in United Kingdom 
 
White and Gatersleben (2011) conducted another perception study on green 
roofs. The increase of green roofs in the United Kingdom due to policies that promote 
them as aesthetically pleasing motivated the investigation. The study examined whether 
houses with vegetation would be more preferred than those without. Also, it examined if 
houses with vegetation were perceived as more beautiful and restorative, and have a 
more positive affective quality than those without. Two data collection methods were 
used, an online survey with 188 participants that rated photographs of houses with and 
without vegetation. And an interview to eight experts that examined preferences and 
installation concerns on green roofs. 
Results of the investigation from White and Gatersleben (2011) showed that 
houses with some type of building-integrated vegetation were more preferred 
significantly. Also, they were considered more beautiful, restorative, and had more 
positive affective quality than those without. The two most rated facades in the survey, 
happened to be the ones that industry and landscape researchers claim to be the most 
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preferred. The study suggests that building-integrated vegetation will be a valuable 
addition to the urban environment. 
 
2.3.7 Study of Perceptions of Office Workers on Green Roofs in Toronto and Chicago 
 
Loder (2011) conducted a study that explores office workers perception of green 
roofs and how this influences their health/well-being in Toronto and Chicago. Using a 
phenomenological analysis of semi-structured interviews, Loder (2011) examines the 
awareness, attitudes, and feelings towards green roofs of 55 office workers with access 
to them physically or visually from their workplace in Toronto and Chicago. Another 
survey was used to explore office workers awareness and attitudes towards green roofs 
and the possible influence on their well-being. The 903 participants showed a high 
literacy on the environmental benefits of green roofs. A Chi-square analysis conducted 
showed significant association between visual access to a green roof and improved 
concentration at work. Loder (2011) also used a logistic regression on the first survey 
conducted to assess whether relationships of improved concentration with visual access 
were still significant when other variables were added to the model. Results found that 
concentration was no longer significant, but a trend towards improved concentration was 
visible. 
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2.3.8 Study of Perceptions of Building Residents on Green Roofs in Singapore 
 
 Another study conducted by Yuen and Wong (2005) examined resident 
perceptions and expectations of rooftop gardens in Singapore. Mixed method 
qualitative/quantitative sequential design was used for the research. A stratified random 
sample of 333 residents comprising households living near and away from Singapore’s 
roof gardens was selected. The survey evaluated the level of usage and awareness, 
motive and purpose of use, and the relevance of green roofs for the community.  
The results from Yuen and Wong (2005) investigation show that the majority of 
the residents had not visited a rooftop garden even when they had one located in their 
neighborhood. Also, the respondents considered the main purpose for using green roofs 
was to isolate themselves from the city. Finally, residents considered roof gardens as 
relevant but not more than any other open spaces like parks. Yuen and Wong (2005) 
suggest that with the increasing urban growth, growing population and competing 
demand on urban land, roof gardens are positioned to take importance in the urban 
landscape of cities.  
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3. METHODOLOGY 
 
3.1 Study Design 
 
This study has a quantitative approach, the population under study are facility 
managers of the state of Texas. The selected sample are the International Facility 
Management Association (IFMA) chapters of the state of Texas. The fact that IFMA is 
the world’s largest and most widely recognized international association for facility 
management professionals (IFMA), makes the association a reliable place to obtain data 
for this study.  
A survey questionnaire was the instrument used to compare the inherent benefits 
and barriers facility managers have on of green roof. The instrument was designed and 
tested on previous studies conducted by Wong et, al (2005) and Wong et, al (2010). On 
both studies, the instrument was based on the five-point Likert scale which is used in this 
study as well. The questionnaire is composed by 35 statements used by Wong et, al 
(2005) on “Perception Study of Building Professionals on the Issues of Green Roof 
Development in Singapore”, and Wong et, al (2010) “Perception Studies of Vertical 
Greenery Systems in Singapore”.  
The areas covered by the questionnaire include: demographics of the participants, 
environmental attributes of green roofs, aesthetic attributes, economic attributes, cost 
barriers, technical barriers, lack of knowledge and awareness barriers, lack of 
government support and physical barriers. Wong et, al (2005) and Wong et, al (2010) 
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methodology, confer the necessary validity to the instrument in order to be used as a tool 
to answer the research question in this study. Since human subjects were used for this 
study, IRB approval was required for this investigation, the number assigned was 
IRB2014-0132.  
 
3.2 Delimitations 
 
This study is limited to professionals of the facility management area, and not to 
associates, vendors or sponsors of the IFMA chapters of Texas. The findings of this 
study are not generalizable to the populations of the samples due to statistical reasons 
explained in further sections.  
 
3.3 Limitations 
 
Several limitations were found in terms of colleting the data for this study. Each 
IFMA chapter had their own conditions for the distribution of the survey to their 
members, and any decision depended on the approval of the chapter’s Board. This 
limitation will be further commented on the data collection section.   
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3.4 Data Collection 
 
Two options for data collection were used, an online questionnaire generated 
with the online survey software Surveymonkey, and a hardcopy questionnaire. The 
online questionnaire was distributed by each chapter through their emails lists of 
members, and the hardcopy questionnaire was distributed during meetings of the 
chapters. The following part describes what data collection method was used for each 
chapter.      
 
3.4.1 Austin IFMA Chapter 
 
The Austin IFMA chapter agreed to send the online survey to their members 
through their emails list, and also agreed to allow the investigator to attend a luncheon 
and apply the survey face to face. The online survey was sent on April 7 of 2014, and the 
collector was open for 3 weeks. 
 
3.4.2 Dallas Fort-Worth IFMA Chapter 
 
The Dallas Fort-Worth IFMA chapter allowed investigator to attend a luncheon 
and apply the survey face to face. The online survey option was not allowed due to 
particular reasons of the chapter.   
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3.4.3 Houston IFMA Chapter 
 
The Houston IFMA chapter agreed to send the online survey to their members 
through their emails list. The chapter’s board approved the survey link to be attached to 
the weekly newsletter of the chapter and not an independent email sent to their members 
as expected. Due to time constraints these conditions were accepted. The newsletter with 
the link was sent out once every week during the month of April. 
 
3.4.4 San Antonio IFMA Chapter 
 
The San Antonio IFMA chapter agreed to send the online survey to their 
members through their emails list. The online survey was sent on April 3 of 2014, and 
the collector was open for 3 weeks. 
 
3.5 Response Rate 
 
The response rate for the survey after discarding invalid questionnaires can be 
found on Table 1. The criteria used to discard responses consisted on the evaluation of 
the respondent’s profession and the sections completed of the questionnaire. If a 
respondent did not identify itself as a facility manager on question #5 of the 
questionnaire, it was automatically discard. Also, respondents that fail to answer every 
questions of Part II of the questionnaire, were also discarded. Respondents that were 
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facility managers and failed to answer some sections of Part II of the questionnaire, were 
considered valid for the sections that they answered.  
 
Table 1: Response rate among chapters 
Chapter Facility Managers Responses % Response 
Austin 105 27 25.7 
DFW 278 13 4.7 
San Antonio 120 14 11.7 
Houston 354 12 3.4 
Total  857 66 7.7 
 
 
3.6 Data Analysis 
 
The analysis of the data for this study will have a different approach from the one 
used by Wong et, al (2005) on the study “Perception Study of Building Professionals on 
the Issues of Green Roof Development in Singapore”. Wong et, al (2005) used a t test to 
determine the variance among the means of different groups of professionals studied. 
Giving the fact that the data obtained from a Likert scale is considered ordinal, 
mathematical equations can’t be used legitimately to analyze the data (Alreck, P. L., 
Settle, R. B. 2004). 
 According to Alreck, P. L., Settle, R. B. (2004) “Ordinal scale data can only be 
manipulated in what are called systems of inequalities, systems whose terms consist of 
“greater than” and “less than”. Statistical analysis of ordinal data requires what are 
termed nonparametric statistics, rather than more common and powerful statistical 
tools”.  
  
21 
 
Furthermore, in order to correctly use parametric statistics for a Likert scale 
analysis, conditions of normality and equal variances have to be met by the sample. A 
Likert scale question with only 5 possible answers cannot possibly possess a normal 
probability distribution. This is because the range of answers is discrete, not continuous. 
The researcher should make sure the distribution is mound shaped and check frequency 
of the results if using t-tests (SPSS Techniques series: Statistics on Likert Scale Surveys 
2014). 
Although Wong et, al (2005) approach for data analysis of Likert scales is 
commonly used for this type of data, it is highly discussed among statistics professionals 
if it is appropriate. To assure the highest level of stringency on the data analysis of this 
study, nonparametric statistics were used. The Kruskal-Wallis test for comparing more 
than two nonnormal populations fitted the research needs for statistical analysis.  
 
3.6.1 Kruskal-Wallis Test 
 
The Kruskal-Wallis test, is a nonparametric statistic used for testing the 
difference among more than two nonnormal populations. The assumptions for the test 
are that we have independent random samples of sizes n1, n2,...nk from population k. 
The population distributions of the samples are identical with the exception that one 
distribution may be shifted to the right of the other distribution, as shown in Figure 1. 
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The Kruskal-Walllis test does not require the population distributions to have a 
normal distribution, for this reason it can be used for small sample sizes of n<10. For 
this study the following hypothesis test will be used to test the differences among 
perceptions of facility managers of each statement: 
 Hо: There is no difference among the 4 chapters with respect to perceptions on a 
given statement.  
 Ha: At least one of the 4 chapters differs from the others with respect to 
perceptions on a given statement.  
The test statistic is calculated with the following equation:  
 
Y 
→
X→
Kruskal-Wallis
Austin DFW Houston San Antonio
Figure 1: Kruskal-Wallis 
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Where ni is the number of observations from sample i(i=1,2,…,k), nt is the 
combined (total) sample size; that is, nt = ∑iNi and Ti denotes the sum of the ranks for 
the measurements in sample i after the combined sample measurements have been 
ranked.  
For a specific value of α, reject Hо if H exceeds the critical value of χ² for α and 
df=k-1. For this research an α=0.05 was used which is equivalent to a χ²=7.815 for df=3. 
In cases when there are a large number of ties in the ranks of the sample measurements, 
the following equation for H’ is used: 
 
 
 Where tj is the number of observations in the jth group of tied ranks.  
For this research, H’ was used for all the statements, since there was a large number 
of ties in the ranks of the sample measurements. The statistical software JMP 11 was 
used to perform the Kruskal-Wallis Test for all data. 
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3.6.2 Wilcoxon Rank Sum Test 
 
In case there is significant evidence (H’> χ²) from the Kruskal-Wallis Test to 
reject the null hypothesis, the Wilcoxon Rank Sum Test will be used to compare each 
chapters distributions in pairs to find between which chapters there is a significant 
difference. The Wilcoxon Rank Sum Test is the same Kruskal-Wallis Test for testing 
just two samples.  
 
3.6.3 Descriptive Statistics and Charts 
 
Descriptive statistics were calculated and presented to provide reference of the 
nature of the data. A distribution of the chapter’s responses with smoothed lines was 
included for each statement to have a visual representation of the shape and location of 
the distributions. This distribution plot is just a merely visual representation of the 
modality of the responses, and do not represents the actual distributions after the sum 
ranks are computed for the Kruskal-Wallis test. Box plots for each distributions are also 
provided and their respective histogram. 
    
3.7 Data Validation 
 
The instrument for this study as stated before was tested on Wong et, al (2005) 
and Wong et, al (2010). Nonetheless, the instrument was revised and approved for 
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distribution by each board of the IFMA chapters of Texas. Furthermore, a revision was 
made by an expert on green roofs to assure the quality of the questionnaire.    
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4. DATA ANALYSIS AND FINDINGS 
 
4.1 Demographics 
 
Austin DFW Houston San Antonio Sample Total
Male % 67% 77% 67% 71% 70%
Female % 33% 23% 33% 29% 30%
67%
77%
67%
71% 70%
33%
23%
33%
29% 30%
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
Gender Demographics
 
Figure 2: Gender demographics 
 
 
 
The gender demographics of each chapter are similar, from Figure 2 we can 
observe a predominance of male (70%) over female (30%) professionals from the total 
sample.   
 
 
                                                 
 Statement questions used on the survey of this study are reprinted with permission from Wong, N., 
Wong, S., Lim, T., Ong, C., Sia, A. (2005). “Perception study of building professionals on the issues of 
green roof development in Singapore”, Journal of Architectural Science Review, 48 (3), 205-214. 
 Copyright 2005 Taylor and Francis Group
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Austin DFW Houston San Antonio Sample Total
Less HS 0% 0% 0% 0% 0%
HS diploma 0% 8% 0% 0% 2%
College Incomplete 15% 8% 25% 7% 14%
Associate 7% 15% 8% 0% 8%
Bachelor 48% 62% 58% 57% 55%
Master 30% 8% 8% 29% 21%
Phd 0% 0% 0% 7% 2%
0% 0% 0% 0% 0%0%
8%
0% 0% 2%
15%
8%
25%
7%
14%
7%
15%
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0%
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48%
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20%
30%
40%
50%
60%
70%
Education Demographics 
 
Figure 3: Education demographics 
 
 
The education demographics from each chapter look similar as shown on Figure 
3. The majority of the professionals have completed a 4 year college education or higher 
(78%). Only 2% of the total sample holds a PhD. 
 
Austin DFW Houston San Antonio Sample Total
1 to 2 Years 0% 8% 0% 7% 3%
3 to 5 years 7% 0% 17% 7% 8%
6 to 8 years 7% 0% 0% 7% 5%
9 to 10 years 0% 0% 17% 0% 3%
More than 10 85% 92% 67% 79% 82%
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Figure 4: Work experience as facility managers 
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The work experience demographics for each chapter looks similar as shown on 
Figure 4. From the sample total, the majority of professionals (82%) have more than 10 
years of experience working as facility managers. 
 
Austin DFW Houston San Antonio
IFMA FMP 7% 0% 25% 0%
IFMA SFP 0% 8% 0% 14%
IFMA CFM 44% 46% 17% 57%
None 48% 54% 58% 43%
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25%
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Professionals Holding IFMA Certificates
 
Figure 5: Professionals holding IFMA certificates 
 
 
 
The majority of the professionals by chapter hold an IFMA certificate as seen on 
Figure 5, except for Houston were 58% of the sample does not holds one. The Certified 
Facility Management certificate is the most common. Only 14% of the San Antonio 
chapter and 8% of Austin chapter holds an IFMA sustainable facility professional 
certificate.   
 
 
  
29 
 
Austin DFW Houston San Antonio
LEED GA 7% 8% 8% 0%
LEED AP BD+C 7% 0% 0% 0%
LEED AP O+M 7% 0% 0% 0%
LEED AP ID+C 4% 0% 0% 0%
LEED AP Homes 0% 0% 0% 0%
LEED AP ND 0% 0% 0% 0%
LEED Fellow 0% 0% 0% 0%
LEED HGR 0% 0% 0% 0%
GCP 0% 0% 0% 0%
No 74% 92% 92% 100%
7% 8% 8%
0%
7%
0% 0% 0%
7%
0% 0% 0%4% 0% 0% 0%0% 0% 0% 0%0% 0% 0% 0%0% 0% 0% 0%0% 0% 0% 0%0% 0% 0% 0%
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Figure 6: Professionals with LEED credentials 
 
 
The majority of the professionals from the sample don’t hold any LEED 
credentials as shown on Figure 6. San Antonio stands out with no professionals holding 
any LEED credential. Austin is the chapter with the most LEED accredited professionals 
(25%). 
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Austin DFW Houston San Antonio Sample Total
Yes % 96% 92% 100% 93% 95%
No % 4% 8% 0% 7% 5%
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Do you know what a Green Roof is?
 
Figure 7: Category item #1 
 
 
The majority of professionals (95%) know what a green roof is as shown on 
Figure 7. 
 
Austin DFW Houston San Antonio Sample Total
Very Poor 0% 25% 0% 0% 5%
Poor 19% 17% 25% 14% 18%
Fair 37% 42% 58% 43% 43%
Good 19% 8% 8% 29% 17%
Very Good 26% 8% 8% 14% 17%
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Figure 8: Category item #2 
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The majority of the professionals (43%) will describe their knowledge of green 
roofs as fair as shown on Figure 8. The Austin chapter seems to have the most 
professionals educated about green roofs, with 19% considering their knowledge good 
and 26% fair. Houston and DFW chapters seem to be the least familiarized. 
 
Austin DFW Houston San Antonio Sample Total
No 70% 92% 75% 79% 77%
1-2 Years 11% 0% 0% 14% 8%
3-5 years 19% 8% 8% 7% 12%
6-8 years 0% 0% 8% 0% 2%
9-10 years 0% 0% 0% 0% 0%
More than 10 0% 0% 8% 0% 2%
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Have you worked on a building with a green roof?
 
Figure 9: Category item #3 
 
 
 
The majority of professionals from the total sample have not worked on a 
building with a green roof (77%) as shown on Figure 9. The Austin chapter is the one 
with the highest percentage of professionals that have worked on a green roof (30%), 
Houston follows (24%). The high percentage of the Austin chapter, may be associated 
with the efforts from the city to promote green roofs.  
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4.2 Green Roofs Attributes Perception Comparison 
 
The following section presents the results and findings of comparing the 
perception of facility managers on green roofs attributes about environmental 
performance, economics, aesthetics and social aspects. 
 
4.2.1 Statements Related to Environmental Performance 
 
4.2.1.1 Statement #1: Green roofs can lower air temperature thereby cooling the 
interior environment of a building 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 37.0% 48.1% 7.4% 7.4% 0.0%
DFW 18.2% 54.5% 18.2% 9.1% 0.0%
Houston 25.0% 58.3% 16.7% 0.0% 0.0%
San Antonio 7.1% 71.4% 21.4% 0.0% 0.0%
Sample Total 25.00% 56.25% 14.06% 4.69% 0.00%
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Green roofs can lower air temperature thereby cooling the interior environment of a building
 
Figure 10: Statement #1, responses distributions by chapter and sample total 
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The descriptive statistics for statement #1 (Figure 10), show all the chapters have 
the same median (2). The distributions look similar in shape on each chapter, with an 
apparent positive perception of the statement (Figure 11). The Kruskal-Wallis Test 
Figure 11: Statement #1, boxplot and distributions 
Table 2: Statement #1, descriptive statistics and Kruskal-Wallis test JMP 
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results (Table 2) for α=0.05 and df=3, show χ²=3.3177 < 7.815 and a p-value of 0.3452 > 
0.05, therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #1.  The z-scores for each 
chapter do not present major differences between them. Austin with a -1.560 z-score, 
leans slightly towards a more positive perception and San Antonio with a 1.250 z-score 
slightly towards a neutral perception.  
  
4.2.1.2 Statement #2: Green roofs can filter and bind dust particles thereby 
improving air quality 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 29.6% 37.0% 25.9% 3.7% 3.7%
DFW 9.1% 54.5% 36.4% 0.0% 0.0%
Houston 8.3% 50.0% 33.3% 8.3% 0.0%
San Antonio 7.1% 64.3% 21.4% 7.1% 0.0%
Sample Total 17.19% 48.44% 28.13% 4.69% 1.56%
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Green roofs can filter and bind dust particles thereby improving air quality
 
Figure 12: Statement #2, responses distributions by chapter and sample total 
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Figure 13: Statement #2, boxplot and distributions 
Table 3: Statement #2, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics (Figure 12) for statement #2, show all the chapters have 
the same median (2). The distributions look similar in shape on each chapter, with an 
apparent positive perception of the statement (Figure 13). The Kruskal-Wallis Test 
results (Table 3) for α=0.05 and df=3, show χ²=1.3643 < 7.815 and a p-value of 0.7139 > 
0.05, therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #2.  The z-scores for each 
chapter do not present major differences between them, with Austin being the chapter 
that differs the most (-1.063) towards a more positive perception of the statement.   
 
4.2.1.3 Statement #3: Green roofs can improve rainwater retention and reduce the 
load on our drainage system 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 22.2% 51.9% 18.5% 3.7% 3.7%
DFW 18.2% 63.6% 18.2% 0.0% 0.0%
Houston 25.0% 58.3% 16.7% 0.0% 0.0%
San Antonio 7.1% 71.4% 14.3% 7.1% 0.0%
Sample Total 18.75% 59.38% 17.19% 3.13% 1.56%
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Green roofs can improve rainwater retention and reduce the load on our drainage system
 
Figure 14: Statement #3, responses distributions by chapter and sample total 
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Figure 15: Statement #3, boxplot and distributions 
Table 4: Statement #3, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #3 (Figure 14), show all the chapters have 
the same median (2). The distributions look similar in shape on every chapter, with an 
apparent positive perception of the statement (Figure 15). The option agree with 59.38% 
for the sample total, was the highest on every chapter. The Kruskal-Wallis Test results 
(Table 4) for α=0.05 and df=3, show χ²=0.9496 < 7.815 and a p-value of 0.8134 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #3.  The z-scores for each 
chapter do not present major differences between them, all chapters apparently favoring 
the agreement of the statement. 
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4.2.1.4 Statement #4: Green roofs can help to preserve and protect the habitat for 
plants and animals 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 22.2% 55.6% 14.8% 3.7% 3.7%
DFW 9.1% 45.5% 27.3% 18.2% 0.0%
Houston 16.7% 41.7% 25.0% 16.7% 0.0%
San Antonio 21.4% 35.7% 21.4% 14.3% 7.1%
Sample Total 18.75% 46.88% 20.31% 10.94% 3.13%
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Green roofs can help to preserve and protect the habitat for plants and animals
 
Figure 16: Statement #4, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
Figure 17: Statement #4, boxplot and distributions 
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The descriptive statistics for statement #4 (Figure 16), show all the chapters have 
the same median (2). The distributions look similar in shape for each chapter, with an 
apparent positive perception of the statement (Figure 17). The option agree with 46.88% 
for the sample total, was the highest on every chapter. The Kruskal-Wallis Test results 
(Table 5) for α=0.05 and df=3, show χ²=2.5861 < 7.815 and a p-value of 0.4599 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #4.  The z-scores for each 
Table 5: Statement #4, descriptive statistics and Kruskal-Wallis test JMP 
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chapter do not present major differences between them, except for Austin being that 
differs the most (-1.550) towards a more positive perception of the statement in respect 
to the other chapters.   
 
4.2.1.5 Statement #5: Green roofs can contribute to the reduction of carbon dioxide 
and increase oxygen exchange 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 37.0% 59.3% 0.0% 0.0% 3.7%
DFW 18.2% 63.6% 9.1% 9.1% 0.0%
Houston 33.3% 50.0% 16.7% 0.0% 0.0%
San Antonio 28.6% 57.1% 7.1% 7.1% 0.0%
Sample Total 31.25% 57.81% 6.25% 3.13% 1.56%
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Green roofs can contribute to the reduction of carbon dioxide and increase oxygen exchange
 
Figure 18: Statement #5, responses distributions by chapter and sample total 
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Figure 19: Statement #5, boxplot and distributions 
Table 6: Statement #5, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #5 (Figure 18), show all the chapters have 
the same median (2). The distributions look similar in shape for each chapter, with an 
apparent positive perception of the statement and a small percentage of disagreement 
from the DFW and San Antonio chapters (Figure 19). The option agree with 57.81% for 
the sample total, was the highest on every chapter. The Kruskal-Wallis Test results 
(Table 6) for α=0.05 and df=3, show χ²=2.2639 < 7.815 and a p-value of 0.5195 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #5.  The z-scores for each 
chapter do not present major differences between them. Austin chapter leans slightly 
towards a more positive perception (-1.296) of the statement, and DFW leaning slightly 
(1.172) towards disagreement.  
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4.2.1.6 Statement #6: Green roofs can help to filter rainwater thereby improving 
water quality 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 29.6% 44.4% 11.1% 11.1% 3.7%
DFW 18.2% 63.6% 18.2% 0.0% 0.0%
Houston 16.7% 41.7% 25.0% 16.7% 0.0%
San Antonio 14.3% 64.3% 14.3% 7.1% 0.0%
Sample Total 21.88% 51.56% 15.63% 9.38% 1.56%
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Green roofs can help to filter rainwater thereby improving water quality
 
Figure 20: Statement #6, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 
Figure 21: Statement #6, boxplot and distributions 
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The descriptive statistics for statement #6, show all the chapters have the same 
median (2) (Figure 20). San Antonio and DFW distributions look similar to each other, 
while Austin and Houston have values that are more spread. There is an apparent 
positive perception of the statement in general among all the chapters (Figure 21). The 
option agree with 51.56% for the sample total, was the highest on every chapter. The 
Kruskal-Wallis Test results (Table 7) for α=0.05 and df=3, show χ²=1.3325 < 7.815 and 
a p-value of 0.7214 > 0.05, therefore fail to reject the null hypothesis and conclude that 
there is no significant difference among the chapters on the perception of statement #6.  
Table 7: Statement #6, descriptive statistics and Kruskal-Wallis test JMP 
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The z-scores for each chapter do not present major differences between them, with 
Houston leaning slightly towards neutrality or disagreement of the statement.   
 
4.2.1.7 Statement #7: Green roofs can help to mitigate Urban Heat Island 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 40.7% 40.7% 14.8% 0.0% 3.7%
DFW 18.2% 54.5% 27.3% 0.0% 0.0%
Houston 16.7% 66.7% 16.7% 0.0% 0.0%
San Antonio 14.3% 78.6% 7.1% 0.0% 0.0%
Sample Total 26.56% 56.25% 15.63% 0.00% 1.56%
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Green roofs can help to mitigate Urban Heat Island (UHI)
 
Figure 22: Statement #7, responses distributions by chapter and sample total 
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Figure 23: Statement #7, boxplot and distributions 
Table 8: Statement #7, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #7, show all the chapters have the same 
median (2) (Figure 22). The distributions look similar for all the chapters except for 
Austin, which is more spread. There is an apparent positive perception of the statement 
in general among all the chapters. The option agree with 56.25% for the sample total, 
was the highest on every chapter (Figure 23). The Kruskal-Wallis Test results (Table 8) 
for α=0.05 and df=3, show χ²=2.1595 < 7.815 and a p-value of 0.5400 > 0.05, therefore 
fail to reject the null hypothesis and conclude that there is no significant difference 
among the chapters on the perception of statement #7.  The z-scores for each chapter do 
not present major differences between them, with Austin (-1.361) leaning slightly 
towards a more positive perception of the statement. 
 
4.2.1.8 Environmental attributes general findings 
 
The environmental performance analysis section of the survey showed in general, 
a tendency towards the agreement of the statements. Statement #1 had the largest 
difference among chapters in regards to the perception of facility managers on the 
capacity of green roofs to lower air temperature and help cooling the interior 
environment of a building. Statement #3 regarding the capacity of green roofs to 
improve rainwater retention and reduce the load on drainage systems showed the least 
differences among the opinions of the chapters. 
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4.2.2 Statements Related to Economic Attributes 
 
4.2.2.1 Statement #8: Green roofs can help decrease rainwater runoff which results 
in savings in drainage infrastructure 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 23.1% 30.8% 38.5% 3.8% 3.8%
DFW 8.3% 75.0% 8.3% 8.3% 0.0%
Houston 16.7% 50.0% 25.0% 8.3% 0.0%
San Antonio 14.3% 50.0% 21.4% 14.3% 0.0%
Sample Total 17.19% 46.88% 26.56% 7.81% 1.56%
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Green roofs can help decrease rainwater runoff which results in savings in drainage 
infrastructure
 
Figure 24: Statement #8, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
  
50 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: Statement #8, boxplot and distributions 
Table 9: Statement #8, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #8, show all the chapters have the same 
median (2) (Figure 24). San Antonio and Houston’s distributions look similar, while 
Austin shows a tendency towards neutrality. There is an apparent positive perception of 
the statement in general among all the chapters. The option agree with 46.88% for the 
sample total, was the highest on every chapter except for Austin in which the neutral 
position was higher (38.5%) (Figure 25). The Kruskal-Wallis Test results (Table 9) for 
α=0.05 and df=3, show χ²=0.4947 < 7.815 and a p-value of 0.9201 > 0.05, therefore fail 
to reject the null hypothesis and conclude that there is no significant difference among 
the chapters on the perception of statement #8.  The z-scores for each chapter do not 
present major differences between them. 
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4.2.2.2 Statement #9: The life span of the roof waterproofing membrane can be 
extended through the use of green roofs 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 11.5% 19.2% 50.0% 11.5% 7.7%
DFW 8.3% 33.3% 33.3% 25.0% 0.0%
Houston 8.3% 8.3% 66.7% 16.7% 0.0%
San Antonio 0.0% 28.6% 35.7% 28.6% 7.1%
Sample Total 7.81% 21.88% 46.88% 18.75% 4.69%
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Life span of the roof waterproofing membrane can be extended through the use of green 
roofs
 
Figure 26: Statement #9, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 Figure 27: Statement #9, boxplot and distributions 
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The descriptive statistics for statement #9, show all the chapters have the same 
median (3) (Figure 27). San Antonio’s and DFW’s responses distributions are more 
spread, while Austin’s and Houston’s show a tendency towards neutrality. There is an 
apparent neutral perception of the statement in general among all the chapters, with the 
option neutral selected by 46.88% of the sample total (Figure 26). The Kruskal-Wallis 
Test (Table 10) results for α=0.05 and df=3, show χ²=1.1103 < 7.815 and a p-value of 
0.7746>0.05, therefore fail to reject the null hypothesis and conclude that there is no 
Table 10: Statement #9, descriptive statistics and Kruskal-Wallis test JMP 
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significant difference among the chapters on the perception of statement #9.  The z-
scores for each chapter do not present major differences between them. 
 
4.2.2.3 Statement #10: Green roofs can reduce the resources needed to cool the 
building through better insulation 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 26.9% 46.2% 11.5% 11.5% 3.8%
DFW 16.7% 75.0% 8.3% 0.0% 0.0%
Houston 16.7% 50.0% 25.0% 8.3% 0.0%
San Antonio 7.1% 64.3% 28.6% 0.0% 0.0%
Sample Total 18.75% 56.25% 17.19% 6.25% 1.56%
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Green roofs can reduce the resources needed to cool the building through better insulation
 
Figure 28: Statement #10, responses distributions by chapter and sample total 
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Figure 29: Statement #10, boxplot and distributions 
Table 11: Statement #10, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #10, show all the chapters have the same 
median (2) (Figure 28). The distributions among the chapters look similar, with an 
apparent positive perception of the statement in general. The option agree with 56.25% 
for the sample total, was the highest on every chapter (Figure 29). The Kruskal-Wallis 
Test results (Table 11) for α=0.05 and df=3, show χ²=1.4770 < 7.815 and a p-value of 
0.6876>0.05, therefore fail to reject the null hypothesis and conclude that there is no 
significant difference among the chapters on the perception of statement #10.  The z-
scores for each chapter do not present major variations between them. 
 
4.2.2.4 Statement #11: Green roofs can provide better acoustic insulation resulting 
in noise reduction 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 15.4% 38.5% 34.6% 7.7% 3.8%
DFW 8.3% 58.3% 33.3% 0.0% 0.0%
Houston 16.7% 33.3% 33.3% 16.7% 0.0%
San Antonio 7.1% 50.0% 35.7% 7.1% 0.0%
Sample Total 12.50% 43.75% 34.38% 7.81% 1.56%
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Green roofs can provide better acoustic insulation resulting in noise reduction
 
Figure 30: Statement #11, responses distributions by chapter and sample total 
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Figure 31: Statement #11, boxplot and distributions 
Table 12: Statement #11, descriptive statistics and Kruskal-Wallis test JMP 
  
58 
 
The descriptive statistics for statement #11, show the median for Austin, DFW 
and San Antonio is 2, Houston’s chapter median is 2.5 (Figure 30). The distributions 
among the chapters look similar, with an apparent positive perception of the statement in 
general. The option agree with 43.75% for the sample total, was the highest on every 
chapter (Figure 31). The Kruskal-Wallis Test results (Table 12) for α=0.05 and df=3, 
show χ²=0.5427 < 7.815 and a p-value of 0.9094 > 0.05, therefore fail to reject the null 
hypothesis and conclude that there is no significant difference among the chapters on the 
perception of statement #11.  The z-scores for each chapter do not present major 
variations between them. 
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4.2.2.5 Statement #12: Green roofs can turn existing rooftops into more usable 
spaces 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 30.8% 38.5% 19.2% 3.8% 7.7%
DFW 8.3% 41.7% 33.3% 16.7% 0.0%
Houston 16.7% 41.7% 33.3% 8.3% 0.0%
San Antonio 28.6% 42.9% 21.4% 7.1% 0.0%
Sample Total 23.44% 40.63% 25.00% 7.81% 3.13%
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Green roofs can turn existing roof tops into more usable spaces
 
Figure 32: Statement #12, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 
 
Figure 33: Statement #12, boxplot and distributions 
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The descriptive statistics for statement #12, show the median for Austin, Houston 
and San Antonio is 2, DFW’s chapter median is 2.5 (Figure 32). The distributions among 
the chapters look similar, with an apparent positive perception of the statement in 
general. The option agree with 40.63% for the sample total, was the highest on every 
chapter (Figure 33). The Kruskal-Wallis Test results (Table 13) for α=0.05 and df=3, 
show χ²=2.7203 < 7.815 and a p-value of 0.4368 > 0.05, therefore fail to reject the null 
hypothesis and conclude that there is no significant difference among the chapters on the 
perception of statement #12.  The z-scores for each chapter do not present major 
Table 13: Statement #12, descriptive statistics and Kruskal-Wallis test JMP 
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variations between them, except for DFW with a z-score of 1.411 the perception for this 
statement leans towards neutrality. 
 
4.2.2.6 Statement #13: Green roofs can increase a building’s property value by 
providing an amenity space and aesthetic appeal 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 26.9% 34.6% 30.8% 0.0% 7.7%
DFW 16.7% 25.0% 41.7% 16.7% 0.0%
Houston 16.7% 41.7% 25.0% 16.7% 0.0%
San Antonio 14.3% 28.6% 50.0% 7.1% 0.0%
Sample Total 20.31% 32.81% 35.94% 7.81% 3.13%
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Green roofs can increase a building’s property value by providing an amenity space and 
aesthetic appeal
 
Figure 34: Statement #13, responses distributions by chapter and sample total 
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Figure 35: Statement #13, boxplot and distributions 
Table 14: Statement #13, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #13, show the median for Austin and 
Houston to be the same (2), and San Antonio and DFW (3) respectively (Figure 34). The 
distributions among the chapters look different, with San Antonio and DFW moving 
around a neutral perception of the statement, while Houston and Austin around a more 
positive perception. The option neutral (35.94%) was the most common for the sample 
total, and DFW and San Antonio chapters (Figure 35). The Kruskal-Wallis Test results 
(Table 14) for α=0.05 and df=3, show χ²=1.7516 < 7.815 and a p-value of 0.6255 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #13.  The z-scores for each 
chapter do not present major variations from each other’s median, except for Austin with 
a z-score of -1.21 the perception for this statement leans slightly towards agreement. 
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4.2.2.7 Statement #14: Green roofs can be used to cultivate vegetables and produce 
food 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 26.9% 46.2% 11.5% 7.7% 7.7%
DFW 16.7% 41.7% 16.7% 25.0% 0.0%
Houston 25.0% 16.7% 50.0% 8.3% 0.0%
San Antonio 21.4% 42.9% 35.7% 0.0% 0.0%
Sample Total 23.44% 39.06% 25.00% 9.38% 3.13%
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Green roofs can be used to cultivate vegetables and produce food
 
Figure 36: Statement #14, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 Figure 37: Statement #14, boxplot and distributions 
  
65 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The descriptive statistics for statement #14, show the median for Austin, Houston 
and San Antonio to be the same (2), and DFW (3) (Figure 36). The distributions among 
the chapters look different, with DFW showing some type of bimodality between options 
agree and disagree. Austin, Dallas and San Antonio distributions lean towards a positive 
perception of this statement. The option agree (39.06%) was the most common for the 
sample total and all the chapters except for Houston (Figure 37). The Kruskal-Wallis 
Test results (Table 15) for α=0.05 and df=3, show χ²=1.4425 < 7.815 and a p-value of 
0.6956 > 0.05, therefore fail to reject the null hypothesis and conclude that there is no 
Table 15: Statement #14, descriptive statistics and Kruskal-Wallis test JMP 
  
66 
 
significant difference among the chapters on the perception of statement #14.  The z-
scores for each chapter do not present major variations between them. 
 
4.2.2.8 Statement #15: Green roofs can enhance the image of the company or 
institution located within the building 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 34.6% 38.5% 15.4% 7.7% 3.8%
DFW 16.7% 50.0% 33.3% 0.0% 0.0%
Houston 16.7% 50.0% 25.0% 0.0% 8.3%
San Antonio 14.3% 57.1% 28.6% 0.0% 0.0%
Sample Total 23.44% 46.88% 23.44% 3.13% 3.13%
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Green roofs can enhance the image of the company or institution located within the building
 
Figure 38: Statement #15, responses distributions by chapter and sample total 
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Figure 39: Statement #15, boxplot and distributions 
Table 16: Statement #15, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #15, show all the chapters have the same 
median (2) (Figure 38). The distributions among the chapters look similar, with Austin 
leaning towards a more positive perception. The option agree with 48.88% was the most 
common for the sample total and all the chapters (Figure 39). The Kruskal-Wallis Test 
results (Table 16) for α=0.05 and df=3, show χ²=1.0787 < 7.815 and a p-value of 0.7822 
> 0.05, therefore fail to reject the null hypothesis and conclude that there is no 
significant difference among the chapters on the perception of statement #15.  The z-
scores for each chapter do not present major variations between them, except for Austin 
that with a z-score of -1.010 leans slightly towards a more positive perception. 
 
4.2.2.9 Economic attributes general findings 
 
The economic attributes section of the survey showed in general, a tendency 
towards the agreement of the statements. Statement #8 had the largest difference among 
chapters in regards to the perception of facility managers on the capacity of green roofs 
to decrease rainwater runoff which can result in savings in drainage infrastructure. 
Statement #12 regarding the capacity of green roofs to turn existing roof tops into more 
usable spaces showed the least differences among the opinions of the chapters. 
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4.2.3 Statements Related to Aesthetic Attributes 
 
4.2.3.1 Statement #16: Green roofs can improve the visual interest and aesthetic 
appeal of a building 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 34.6% 42.3% 11.5% 7.7% 3.8%
DFW 15.4% 76.9% 7.7% 0.0% 0.0%
Houston 33.3% 25.0% 33.3% 8.3% 0.0%
San Antonio 14.3% 71.4% 14.3% 0.0% 0.0%
Sample Total 26.15% 52.31% 15.38% 4.62% 1.54%
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Green roofs can improve the visual interest and aesthetic appeal of a building
 
Figure 40: Statement #16, responses distributions by chapter and sample total 
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Figure 41: Statement #16, boxplot and distributions 
Table 17: Statement #16, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #16, show all the chapters have the same 
median (2) (Figure 40). The distributions for DFW and San Antonio look similar, while 
Austin leans more towards a positive perception of the statement. Houston’s data shows 
some bimodality between strongly agree and neutral. The option agree with 52.31% was 
the most common for the sample total and all the chapters except Houston, which had 
33.33% for the option strongly agree and the same value for neutral (Figure 41). The 
Kruskal-Wallis Test results (Table 17) for α=0.05 and df=3, show χ²=0.5411 < 7.815 and 
a p-value of 0.9098 > 0.05, therefore fail to reject the null hypothesis and conclude that 
there is no significant difference among the chapters on the perception of statement #16.  
The z-scores for each chapter do not present major variations between them. 
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4.2.3.2 Statement #17: Green roofs can hide ugly rooftop services (water tanks, air 
vents, piping, cooling towers) thereby providing a better view 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 30.8% 30.8% 23.1% 3.8% 11.5%
DFW 7.7% 76.9% 15.4% 0.0% 0.0%
Houston 33.3% 25.0% 25.0% 16.7% 0.0%
San Antonio 14.3% 50.0% 21.4% 14.3% 0.0%
Sample Total 23.08% 43.08% 21.54% 7.69% 4.62%
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Green roofs can hide ugly rooftop services (water tanks, air vents, piping, cooling towers) 
thereby providing a better view
 
Figure 42: Statement #17, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 
Figure 43: Statement #17, boxplot and distributions 
  
73 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The descriptive statistics for statement #17, show all the chapters have the same 
median (2) (Figure 42). The distributions for DFW and San Antonio look similar, while 
Austin leans more towards a positive perception of the statement. Houston’s data is 
distributed similarly with the option strongly agree having the most responses (33.33%). 
The option agree with 43.08% was the most common for the sample total and all the 
chapters except Houston (Figure 43). The Kruskal-Wallis Test results (Table 18) for 
α=0.05 and df=3, show χ²=0.3831 < 7.815 and a p-value of 0.9437 > 0.05, therefore fail 
to reject the null hypothesis and conclude that there is no significant difference among 
Table 18: Statement #17, descriptive statistics and Kruskal-Wallis test JMP 
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the chapters on the perception of statement #17.  The z-scores for each chapter do not 
present major variations between them. 
 
4.2.3.3 Statement #18: Green roofs can integrate well with the buildings 
aesthetically 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 38.5% 34.6% 19.2% 3.8% 3.8%
DFW 23.1% 61.5% 15.4% 0.0% 0.0%
Houston 25.0% 50.0% 25.0% 0.0% 0.0%
San Antonio 21.4% 50.0% 28.6% 0.0% 0.0%
Sample Total 29.23% 46.15% 21.54% 1.54% 1.54%
0.00%
5.00%
10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
45.00%
50.00%
0.0%
5.0%
10.0%
15.0%
20.0%
25.0%
30.0%
35.0%
40.0%
45.0%
50.0%
55.0%
60.0%
65.0%
%
 R
es
p
o
n
se
 S
a
m
p
le
 T
o
ta
l
%
 R
es
p
o
n
se
 b
y 
C
h
a
p
te
r
Green roofs can integrate well with the buildings aesthetically
 
Figure 44: Statement #18, responses distributions by chapter and sample total 
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Figure 45: Statement #18, boxplot and distributions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 19: Statement #18, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #18, show all the chapters have the same 
median (2) (Figure 44). The distributions for DFW, San Antonio and Houston look 
similar, while Austin leans more towards a strongly positive perception of the statement. 
The option agree with 46.15% was the most common for the sample total and all the 
chapters except Austin, which highest was 38.5% for the option strongly agree (Figure 
45). The Kruskal-Wallis Test results (Table 19) for α=0.05 and df=3, show χ²=0.5058 < 
7.815 and a p-value of 0.9176 > 0.05, therefore fail to reject the null hypothesis and 
conclude that there is no significant difference among the chapters on the perception of 
statement #18.  The z-scores for each chapter do not present major variations between 
them. 
 
4.2.3.4 Aesthetic attributes general findings 
 
The aesthetic attributes section of the survey showed in general, a tendency 
towards the agreement of the statements. Statement #17 had the largest difference among 
chapters in regards to the perception of facility managers on the capacity of green roofs 
to hide ugly rooftops thereby providing a better view. Statement #16 regarding the 
capacity of green roofs to improve the visual interest and aesthetic appeal of a building 
showed the least differences among the opinions of the chapters. 
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4.2.4 Statements Related to Social Attributes 
 
4.2.4.1 Statement #19: Green roofs can foster community interaction through 
community gardening 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 19.2% 30.8% 30.8% 11.5% 7.7%
DFW 8.3% 33.3% 25.0% 33.3% 0.0%
Houston 0.0% 27.3% 45.5% 27.3% 0.0%
San Antonio 7.1% 42.9% 42.9% 7.1% 0.0%
Sample Total 11.11% 33.33% 34.92% 17.46% 3.17%
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Green roofs can foster community interaction through community gardening
 
Figure 46: Statement #19, responses distributions by chapter and sample total 
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Figure 47: Statement #19, boxplot and distributions 
Table 20: Statement #19, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #19, show Austin and San Antonio both 
with a 2.5 median, and Houston and DFW with a median of (3) (Figure 46). The 
distributions for DFW shows bimodality between the options agree and disagree, while 
San Antonio and Austin are between the options agree and neutral. Houston leans 
towards the option neutral (Figure 47). The Kruskal-Wallis Test results (Table 20) for 
α=0.05 and df=3, show χ²=2.5381 < 7.815 and a p-value of 0.4685 > 0.05, therefore fail 
to reject the null hypothesis and conclude that there is no significant difference among 
the chapters on the perception of statement #19.  The z-scores for each chapter do not 
present major variations between them except for Houston with a z-score of 1.269 leans 
slightly towards a negative perception. 
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4.2.4.2 Statement #20: Green roofs can facilitate recreational and leisure activities 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 15.4% 38.5% 26.9% 7.7% 11.5%
DFW 8.3% 50.0% 8.3% 33.3% 0.0%
Houston 9.1% 27.3% 36.4% 18.2% 9.1%
San Antonio 0.0% 42.9% 35.7% 21.4% 0.0%
Sample Total 9.52% 39.68% 26.98% 17.46% 6.35%
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Green roofs can facilitate recreational and leisure activities
 
Figure 48: Statement #20, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 
Figure 49: Statement #20, boxplot and distributions 
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The descriptive statistics for statement #20, show Austin and DFW both with a 
median of 2, while Houston and San Antonio a median of 3 (Figure 48). The 
distributions for DFW shows bimodality between the options agree and disagree, while 
San Antonio and Austin are between the options agree and neutral. Houston leans 
towards the option neutral (Figure 49). The Kruskal-Wallis Test results (Table 21) for 
α=0.05 and df=3, show χ²=1.0281 < 7.815 and a p-value of 0.7944 > 0.05, therefore fail 
to reject the null hypothesis and conclude that there is no significant difference among 
Table 21: Statement #20, descriptive statistics and Kruskal-Wallis test JMP 
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the chapters on the perception of statement #20.  The z-scores for each chapter do not 
present major variations between them. 
 
4.2.4.3 Statement #21: Green roofs have a therapeutic effect, thereby improving the 
health of its users 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 26.9% 38.5% 26.9% 0.0% 7.7%
DFW 8.3% 50.0% 16.7% 25.0% 0.0%
Houston 27.3% 27.3% 27.3% 9.1% 9.1%
San Antonio 7.1% 35.7% 57.1% 0.0% 0.0%
Sample Total 19.05% 38.10% 31.75% 6.35% 4.76%
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Green roofs have a therapeutic effect, thereby improving the health of its users
 
Figure 50: Statement #21, responses distributions by chapter and sample total 
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Figure 51: Statement #21, boxplot and distributions 
Table 22: Statement #21, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #21, show a median of (2) for all the 
chapters except San Antonio with (3) (Figure 50). The distributions for DFW shows 
bimodality between the options agree and disagree favoring the agree option. San 
Antonio leans towards a neutral position. Austin shows an inclination towards a positive 
perception (Figure 51). The Kruskal-Wallis Test results (Table 22) for α=0.05 and df=3, 
show χ²=2.1248 < 7.815 and a p-value of 0.5469 > 0.05, therefore fail to reject the null 
hypothesis and conclude that there is no significant difference among the chapters on the 
perception of statement #21.  The z-scores for each chapter do not present major 
variations between them, except for Austin with a z-score of -1.342 leaning towards a 
positive perception. 
 
4.2.4.4 Social attributes general findings 
 
The social attributes section of the survey showed in general, a tendency towards 
the agreement of the statements. Statement #20 had the largest difference among 
chapters in regards to the perception of facility managers on the capacity of green roofs 
to facilitate recreational and leisure activities. Statement #19 regarding the capacity of 
green roofs to foster community interaction trough community gardening showed the 
least differences among the opinions of the chapters. 
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4.3 Green Roofs Barriers for their Implementation Comparison 
 
The following section presents the results and findings of comparing the 
perception of facility managers on green roofs barriers for their implementation. 
  
4.3.1 Statements Related to Technical Barriers 
 
4.3.1.1 Statement #22: Green roofs will affect the structural load bearing capacity 
of the building 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 26.9% 50.0% 19.2% 3.8% 0.0%
DFW 18.2% 72.7% 9.1% 0.0% 0.0%
Houston 54.5% 18.2% 18.2% 9.1% 0.0%
San Antonio 35.7% 42.9% 7.1% 14.3% 0.0%
Sample Total 32.26% 46.77% 14.52% 6.45% 0.00%
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Green roofs will affect the structural load bearing capacity of the building
 
Figure 52: Statement #22, responses distributions by chapter and sample total 
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The descriptive statistics for statement #22, show a median of (2) for all the 
chapters except Houston with (1) (Figure 52). The distributions for Austin, DFW and 
San Antonio seem similar showing agreement on the statement, while Houston is highly 
skewed towards a strongly agreement of the statement (Figure 53). The Kruskal-Wallis 
Test results (Table 23) for α=0.05 and df=3, show χ²=0.9030 < 7.815 and a p-value of 
0.8247 > 0.05, therefore fail to reject the null hypothesis and conclude that there is no 
significant difference among the chapters on the perception of statement #22.  The z-
scores for each chapter do not present major variations between them. 
 
 
 
 
 
 
Figure 53: Statement #22, boxplot and distributions 
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Table 23: Statement #22, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.1.2 Statement #23: Green roofs will damage the roof waterproofing membrane 
resulting in water leakage problems 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 7.7% 3.8% 50.0% 38.5% 0.0%
DFW 9.1% 27.3% 36.4% 27.3% 0.0%
Houston 9.1% 45.5% 36.4% 9.1% 0.0%
San Antonio 7.1% 7.1% 50.0% 28.6% 7.1%
Sample Total 8.06% 16.13% 45.16% 29.03% 1.61%
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Green roofs will damage the roof waterproofing membrane resulting in water leakage 
problems
 
Figure 54: Statement #23, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 Figure 55: Statement #23, boxplot and distributions 
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The descriptive statistics for statement #23, show a median of (3) for all the 
chapters except Houston with (2) (Figure 54). The distributions for Austin, DFW and 
San Antonio seem similar showing a tendency for neutrality and disagreement for the 
statement, while Houston is shifted towards an agreement of the statement (Figure 55). 
The Kruskal-Wallis test (Table 24) results for α=0.05 and df=3, show χ²=7.1973 < 7.815 
and a p-value of 0.0659 > 0.05, therefore fail to reject the null hypothesis and conclude 
that there is no significant difference among the chapters on the perception of statement 
Table 24: Statement #23, descriptive statistics and Kruskal-Wallis test JMP 
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#23. Clearly Houston’s chapter distribution with a z-score of -2.359 is shifted to the left 
towards a more positive perception of the statement in comparison to the other chapters. 
Austin leans towards disagreement with a z-score of 1.605. 
 
4.3.1.3 Statement #24: Green roofs can cause clogging in the drainage system 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 7.7% 19.2% 38.5% 34.6% 0.0%
DFW 0.0% 54.5% 27.3% 18.2% 0.0%
Houston 9.1% 45.5% 36.4% 9.1% 0.0%
San Antonio 14.3% 14.3% 50.0% 21.4% 0.0%
Sample Total 8.06% 29.03% 38.71% 24.19% 0.00%
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Green roofs can cause clogging in the drainage system
 
Figure 56: Statement #24, responses distributions by chapter and sample total 
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Figure 57: Statement #24, boxplot and distributions 
Table 25: Statement #24, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #24, show a median of (3) for Austin and 
San Antonio. Houston and DFW share a median of (2) (Figure 56). The distributions 
seem shifted one to another with Austin and San Antonio leaning towards a neutrality 
and disagreement of the statement, while Houston and DFW seem similar showing a 
tendency for agreement of the statement (Figure 57). The Kruskal-Wallis Test results 
(Table 25) for α=0.05 and df=3, show χ²=3.8479 < 7.815 and a p-value of 0.2784 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #24. The z-scores of 
Austin (1.636) means the distribution is leaning towards the disagreement of the 
statement, while Houston’s z-score of -1.425 means the distribution leans towards a 
positive perception of the statement. 
 
4.3.1.4 Technical barriers general findings 
 
The technical barriers section of the survey showed in general, a tendency 
towards the agreement of the statements. Statement #22 had the largest difference among 
chapters in regards to the perception of facility managers on the capacity of green roofs 
to affect the structural load bearing capacity of a building. Statement #23 regarding the 
capacity of green roofs to damage the roof waterproofing membrane resulting in water 
leakage problems showed the least differences among the opinions of the chapters. 
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4.3.2 Statements Related to Cost Barriers 
 
4.3.2.1 Statement #25: Green roofs require high capital cost 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 23.1% 46.2% 23.1% 7.7% 0.0%
DFW 0.0% 63.6% 27.3% 9.1% 0.0%
Houston 18.2% 36.4% 27.3% 18.2% 0.0%
San Antonio 21.4% 28.6% 42.9% 7.1% 0.0%
Sample Total 17.74% 43.55% 29.03% 9.68% 0.00%
0.00%
5.00%
10.00%
15.00%
20.00%
25.00%
30.00%
35.00%
40.00%
45.00%
50.00%
0.0%
5.0%
10.0%
15.0%
20.0%
25.0%
30.0%
35.0%
40.0%
45.0%
50.0%
55.0%
60.0%
65.0%
70.0%
%
 R
es
p
o
n
se
 S
a
m
p
le
 T
o
ta
l
%
 R
es
p
o
n
se
 b
y 
C
h
a
p
te
r
Green roofs require high capital cost
 
Figure 58: Statement #25, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
Figure 59: Statement #25, boxplot and distributions 
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The descriptive statistics for statement #25, show a median of (2) for all the 
chapters except for San Antonio with (2) (Figure 58). The distributions from Austin, 
DFW and Houston look focused in the agree option, while San Antonio is shifted 
towards a neutrality of the statement (Figure 59). The Kruskal-Wallis Test results (Table 
26) for α=0.05 and df=3, show χ²=1.4687 < 7.815 and a p-value of 0.6895 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #25. The z-scores of 
Austin (-1.189) means the distribution is leaning towards the agreement of the statement. 
Table 26: Statement #25, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.2.2 Statement #26: Green roofs require high maintenance cost 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 19.2% 30.8% 38.5% 11.5% 0.0%
DFW 0.0% 54.5% 36.4% 9.1% 0.0%
Houston 9.1% 45.5% 36.4% 9.1% 0.0%
San Antonio 14.3% 28.6% 42.9% 14.3% 0.0%
Sample Total 12.90% 37.10% 38.71% 11.29% 0.00%
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Green roofs require high maintenance cost
 
Figure 60: Statement #26, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
 
Figure 61: Statement #26, boxplot and distributions 
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The descriptive statistics for statement #26, show a median of (2) for DFW and 
Houston and (2.5) and (3) for Austin and San Antonio respectively (Figure 60). The 
distributions from Austin and San Antonio look focused around the agreement and 
neutrality of the statement. While DFW and Houston are shifted towards an agreement 
of the statement (Figure 61). The Kruskal-Wallis Test results (Table 27) for α=0.05 and 
df=3, show χ²=0.2989 < 7.815 and a p-value of 0.9602 > 0.05, therefore fail to reject the 
null hypothesis and conclude that there is no significant difference among the chapters 
on the perception of statement #26. 
 
Table 27: Statement #26, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.2.3 Cost barrier statements general findings 
 
The cost barriers section of the survey showed in general, a tendency towards the 
agreement of the statements. Statement #26 had the largest difference among chapters in 
regards to the perception of facility managers on the high maintenance cost required by 
green roofs. Statement #25 regarding the high capital cost of green showed the least 
differences among the opinions of the chapters. 
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4.3.3 Statements Related to Lack of Knowledge and Awareness Barriers 
 
4.3.3.1 Statement #27: There is a lack of technical knowledge on green roofs and 
products 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 19.2% 30.8% 38.5% 11.5% 0.0%
DFW 15.4% 69.2% 15.4% 0.0% 0.0%
Houston 18.2% 45.5% 18.2% 9.1% 9.1%
San Antonio 35.7% 28.6% 21.4% 14.3% 0.0%
Sample Total 21.88% 40.63% 26.56% 9.38% 1.56%
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Figure 62: Statement #27, responses distributions by chapter and sample total 
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Figure 63: Statement #27, boxplot and distributions 
Table 28: Statement #27, descriptive statistics and Kruskal-Wallis test JMP 
  
100 
 
The descriptive statistics for statement #27, show a median of (2) for all the 
chapters except DFW with (2) (Figure 62). The distributions of Houston and DFW look 
focused around the agreement of the statement. Austin’s distribution looks between the 
agreement and neutrality of the statement, while San Antonio is heavily skewed towards 
the strongly agreement of the statement (Figure63). The Kruskal-Wallis Test results 
(Table 28) for α=0.05 and df=3, show χ²=2.2561 < 7.815 and a p-value of 0.5210 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #27. 
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4.3.3.2 Statement #28: There is a lack of information on costing and financing of 
green roofs 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 23.1% 30.8% 34.6% 11.5% 0.0%
DFW 23.1% 53.8% 23.1% 0.0% 0.0%
Houston 18.2% 36.4% 27.3% 9.1% 9.1%
San Antonio 35.7% 21.4% 21.4% 21.4% 0.0%
Sample Total 25.00% 34.38% 28.13% 10.94% 1.56%
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Figure 64: Statement #28, responses distributions by chapter and sample total 
  
 
 
 
 
 
 
 
 
 Figure 65: Statement #28, boxplot and distributions 
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The descriptive statistics for statement #28, show a median of (2) for all the 
chapters (Figure 64). The distributions from DFW and Houston are focused on the 
agreement of the statement, while Austin is spread between the strongly agreement of 
the statement and neutrality, while San Antonio is heavily skewed towards the strongly 
agreement of the statement (Figure 65). The Kruskal-Wallis Test results (Table 29) for 
α=0.05 and df=3, show χ²=1.4438 < 7.815 and a p-value of 0.6953 > 0.05, therefore fail 
to reject the null hypothesis and conclude that there is no significant difference among 
the chapters on the perception of statement #28. 
Table 29: Statement #28, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.3.3 Statement #29: There is a lack of awareness of the benefits and performance 
of green roofs 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 19.2% 38.5% 26.9% 15.4% 0.0%
DFW 15.4% 69.2% 7.7% 7.7% 0.0%
Houston 18.2% 45.5% 18.2% 9.1% 9.1%
San Antonio 21.4% 35.7% 28.6% 14.3% 0.0%
Sample Total 18.75% 45.31% 21.88% 12.50% 1.56%
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Figure 66: Statement #29, responses distributions by chapter and sample total 
 
  
 
 
 
 
 
 
 
Figure 67: Statement #29, boxplot and distributions 
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The descriptive statistics for statement #29, show a median of (2) for all the 
chapters (Figure 66). The distributions from all the chapters are focused on the 
agreement of the statement option, with Austin and San Antonio leaning somehow 
towards the disagreement of the statement (Figure 67). The Kruskal-Wallis Test results 
(Table 30) for α=0.05 and df=3, show χ²=1.0800 < 7.815 and a p-value of 0.7819 > 0.05, 
therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #29. 
 
Table 30: Statement #29, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.3.4 Statement #30: There is a lack of information on maintenance requirements 
of green roofs 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 23.1% 34.6% 34.6% 7.7% 0.0%
DFW 23.1% 46.2% 30.8% 0.0% 0.0%
Houston 27.3% 36.4% 18.2% 9.1% 9.1%
San Antonio 28.6% 28.6% 21.4% 21.4% 0.0%
Sample Total 25.00% 35.94% 28.13% 9.38% 1.56%
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Figure 68: Statement #30, responses distributions by chapter and sample total 
 
 
 
 
 
 
 
 
 
Figure 69: Statement #30, boxplot and distributions 
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The descriptive statistics for statement #30, show a median of (2) for all the 
chapters (Figure 68). The distributions from DFW and Houston are focused on the 
agreement of the statement option, while Austin is between agreement and neutrality. 
San Antonio looks skewed towards the agreement of the statement (Figure 69). The 
Kruskal-Wallis Test (Table 31) results for α=0.05 and df=3, show χ²=0.3998 < 7.815 and 
a p-value of 0.9403 > 0.05, therefore fail to reject the null hypothesis and conclude that 
there is no significant difference among the chapters on the perception of statement #30. 
 
Table 31: Statement #30, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.3.5 Statement #31: There is a lack of information on plants that will perform 
well on green roofs in Texas 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 30.8% 26.9% 26.9% 15.4% 0.0%
DFW 30.8% 46.2% 23.1% 0.0% 0.0%
Houston 18.2% 45.5% 27.3% 0.0% 9.1%
San Antonio 28.6% 14.3% 28.6% 28.6% 0.0%
Sample Total 28.13% 31.25% 26.56% 12.50% 1.56%
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Figure 70: Statement #31, responses distributions by chapter and sample total 
  
 
The descriptive statistics for statement #31, show a median of (2) for all the 
chapters except San Antonio with (3) (Figure 70). The distributions from DFW and 
Houston are focused on the agreement of the statement option, while Austin is between 
agreement and neutrality. San Antonio looks bimodal between the strongly agree option 
and neutral and disagree together (Figure 71). The Kruskal-Wallis Test results (Table 
32) for α=0.05 and df=3, show χ²=2.2506 < 7.815 and a p-value of 0.5220 > 0.05, 
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therefore fail to reject the null hypothesis and conclude that there is no significant 
difference among the chapters on the perception of statement #31. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 71: Statement #31, boxplot and distributions 
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4.3.3.6 Lack of knowledge and awareness barriers general findings 
 
The lack of knowledge and awareness barriers section of the survey showed in 
general, a tendency towards the agreement of the statements. Statement #30 had the 
largest difference among chapters in regards to the perception of facility managers on the 
lack of information on maintenance requirements of green roofs. Statement #27 
regarding the lack of knowledge on green roofs and products showed the least 
differences among the opinions of the chapters. 
Table 32: Statement #31, descriptive statistics and Kruskal-Wallis test JMP 
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4.3.4 Statements Related to Lack of Government Support Barriers 
 
4.3.4.1 Statement #32: There is a lack of grants and subsidies for implementation of 
green roofs 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 19.2% 15.4% 57.7% 3.8% 3.8%
DFW 0.0% 53.8% 46.2% 0.0% 0.0%
Houston 0.0% 36.4% 54.5% 0.0% 9.1%
San Antonio 28.6% 21.4% 50.0% 0.0% 0.0%
Sample Total 14.06% 28.13% 53.13% 1.56% 3.13%
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Figure 72: Statement #32, responses distributions by chapter and sample total 
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Figure 73: Statement #32, boxplot and distributions 
Table 33: Statement #32, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #32, show a median of (3) for Austin and 
Houston, and (2) for DFW (Figure 72). The distributions from Austin, Houston and San 
Antonio look similar focusing on the neutrality option, while DFW is shifted towards the 
agreement of the statement (Figure 73). The Kruskal-Wallis Test results (Table 33) for 
α=0.05 and df=3, show χ²=2.3353 < 7.815 and a p-value of 0.5058 > 0.05, therefore fail 
to reject the null hypothesis and conclude that there is no significant difference among 
the chapters on the perception of statement #32. 
 
4.3.4.2 Statement #33: There is a lack of legislation and building codes for 
installation of green roofs 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 15.4% 23.1% 57.7% 0.0% 3.8%
DFW 0.0% 38.5% 61.5% 0.0% 0.0%
Houston 0.0% 36.4% 54.5% 0.0% 9.1%
San Antonio 28.6% 28.6% 42.9% 0.0% 0.0%
Sample Total 12.50% 29.69% 54.69% 0.00% 3.13%
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Figure 74: Statement #33, responses distributions by chapter and sample total 
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Figure 75: Statement #33, boxplot and distributions 
Table 34: Statement #33, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #33, show a median of (3) for all the 
chapters except San Antonio with (2) (Figure 74). The distributions are all focusing on 
the neutrality option with a tendency towards the agreement of the statement (Figure 75). 
The Kruskal-Wallis Test results (Table 34) for α=0.05 and df=3, show χ²=3.3071 < 
7.815 and a p-value of 0.3467 > 0.05, therefore fail to reject the null hypothesis and 
conclude that there is no significant difference among the chapters on the perception of 
statement #33. 
 
4.3.4.3 Lack of government support barriers general findings 
 
The lack of government support barriers section of the survey showed in general, 
a tendency towards the agreement of the statements. Statement #33 had the largest 
difference among chapters in regards to the perception of facility managers on the lack 
of legislation and building codes for installation of green roofs. Statement #32 regarding 
the lack of grants and subsidiaries for the implementation of green roofs showed the 
least differences among the opinions of the chapters. 
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4.3.5 Statements Related to Physical Barriers 
 
4.3.5.1 Statement #34: Green roofs can create an influx of pest and unwanted 
animals 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 3.8% 23.1% 42.3% 30.8% 0.0%
DFW 0.0% 61.5% 38.5% 0.0% 0.0%
Houston 18.2% 36.4% 27.3% 18.2% 0.0%
San Antonio 7.1% 35.7% 42.9% 14.3% 0.0%
Sample Total 6.25% 35.94% 39.06% 18.75% 0.00%
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Figure 76: Statement #34, responses distributions by chapter and sample total 
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Figure 77: Statement #34, boxplot and distributions 
Table 35: Statement #34, descriptive statistics and Kruskal-Wallis test JMP 
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The descriptive statistics for statement #34 (Figure 76), show a median of (3) for 
Austin and San Antonio and (2) for DFW and Houston (Figure 77). The Kruskal-Wallis 
Test (Table 35) results for α=0.05 and df=3, show χ²=6.3337 < 7.815 and a p-value of 
0.0965 > 0.05, therefore fail to reject the null hypothesis and conclude that there is no 
significant difference among the chapters on the perception of statement #34. Austin’s 
chapter distribution with a z-score of 2.336 is shifted to the right towards neutrality and 
disagreement of the statement in comparison to the other chapters. 
 
4.3.5.2 Statement #35: Green roofs increase the chances of pounding and mosquito 
breeding 
 
Strongly Agree % Agree % Neutral % Disagree % Strongly Disagree %
Austin 7.7% 26.9% 30.8% 30.8% 3.8%
DFW 0.0% 38.5% 46.2% 15.4% 0.0%
Houston 18.2% 45.5% 18.2% 18.2% 0.0%
San Antonio 7.1% 21.4% 50.0% 21.4% 0.0%
Sample Total 7.81% 31.25% 35.94% 23.44% 1.56%
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Figure 78: Statement #35, responses distributions by chapter and sample total 
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Figure 79: Statement #35, boxplot and distributions 
Table 36: Statement #35, descriptive statistics and Kruskal-Wallis test JMP 
  
119 
 
The descriptive statistics for statement #35 (Figure 78), show a median of (3) for 
all the chapters except Houston, with a median of (2) (Figure 79). The Kruskal-Wallis 
Test results (Table 36) for α=0.05 and df=3, show χ²=3.0983 < 7.815 and a p-value of 
0.3767 > 0.05, therefore fail to reject the null hypothesis and conclude that there is no 
significant difference among the chapters on the perception of statement #35. Houston’s 
chapter distribution with a z-score of -1.632 is shifted to the left towards agreement of 
the statement in comparison to the other chapters. 
 
4.3.5.3 Physical barriers general findings 
 
The physical barriers section of the survey showed in general, a tendency 
towards the agreement of the statements. Statement #34 had the largest difference among 
chapters in regards to the perception of facility managers on the possibility of green 
roofs creating an influx of pest and unwanted animals. Statement #35 regarding the 
increasing chances of ponding and mosquito breeding on green roofs showed the least 
differences among the opinions of the chapters. 
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5. CONCLUSIONS 
 
The research findings suggest, that facility managers tend to agree with the 
attributes that green roof systems provide. After comparing the distributions of the 
facility manager’s responses provided by each chapter for the statements regarding 
attributes of green roofs, we failed to reject the null hypotheses on all 21 statements. 
Consequently the Kruskal-Wallis test suggests that there is no difference among the four 
IFMA chapters evaluated regarding the perception of facility managers on green roofs 
benefits. The fact that for all 21 statements there is no evidence of difference on the 
distributions is an indicative of the consistency of answers of all four chapters. 
Furthermore, even when sample sizes for DFW, Houston and San Antonio IFMA 
chapters were small, there was no significant difference with Austin’s distributions that 
had a much larger sample size, demonstrating de uniformity on the responses. The 
responses suggest that facility managers generally agreed with the majority of the 
statements regarding benefits that green roofs can provide. It is important to recognize 
that although the findings provided by this study should not be generalized, the statistics 
used provide a solid foundation for further statistical tools that can build over to 
generalize the findings. 
The comparison of distributions for the statements regarding barriers for green 
roof implementation lead to similar results. This section of the study had a strong 
dispersion on the distributions, with two considerably low p-values that almost rejected 
the null hypothesis (Statements #23 and #24). Still, for all 15 statements we failed to 
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reject the null hypothesis. Consequently the Kruskal-Wallis test suggests that there is no 
significant difference among the four IFMA chapters evaluated regarding the perception 
of facility managers on green roofs barriers for their implementation. Again, the 
rejection of the research hypothesis on all the statements is an indicative of the 
consistency of answers of all 4 chapters. Further studies on the data collected is 
suggested, as the sample size is large enough to be able to generalize the findings. 
 
  
122 
 
REFERENCES 
 
Alreck, P. L., Settle, R. B. (2004). “The survey research handbook”, McGraw-Hill, New 
York, NY. 
 
City of Sydney. (2012). “Green roofs and walls strategy 2012”. City of Sydney. Sydney, 
Australia.  
 
Erlichman, P., Peck, S. (2013). “Annual green roof industry survey for 2012”. Green 
Roofs for Healthy Cities. Toronto, On., Canada.  
 
Fernandez-Cañero, R., Emilsson, T., Fernandez-Barba, C., Herrera, M. A. M. (2013). 
“Green roof systems: a study of public attitudes and preferences in southern Spain.” 
Journal of Environmental Management, 128 (2013), 106-115.    
 
Green Roof Advisory Group Report. (2010). “GRAG 2010 report to Austin city 
council”.<http://www.austintexas.gov/sites/default/files/files/Sustainability/Green_Roof/
2010_GRAG_Report_to_Council.pdf>. (Apr 25, 2013) 
 
Hodges, C. (2005). “A facility manager’s approach to sustainability.” Journal of 
Facilities Management, 3(4), 312-324. 
 
House, M.-H (2009). “North Texas stakeholders: perceptions of extensive green roofs,” 
MLA Thesis, University of Texas at Arlington, Arlington, TX. 
 
IFMA. “About IFMA”. <http://www.ifma.org/about/about-ifma> (Oct. 15 2013). 
 
Loder, A. (2011). “Greening the city: exploring health, well-being, green roofs, and the 
perception of nature in the workplace.” MLA Thesis, University of Toronto, ON, 
Canada. 
 
Peck, S. (2010). “Green roof trends: facility managers and green roofs.” Today’s Facility 
Manager, <http://www.todaysfacilitymanager.com/2010/08/green-roof-trends-facility-
managers-and-green-roofs> (Apr 15, 2013). 
 
University of Northern Iowa. (2014). “SPSS techniques series: statistics on Likert scale 
surveys”. Information Technology Services, http://www.uni.edu/its/support/article/604 
(04/14/2014). 
 
United States Green Building Council (USGBC) (2009). “LEED credentials”. 
<http;//www.usgbc.org/DisplayPage.aspx?CMSPageID=222> (Nov. 15, 2013) 
 
  
123 
 
White, E. V., Gatersleben, B. (2011). “Greenery on residential buildings: does it affect 
preferences and perceptions of beauty?” Journal of Environmental Psychology, 31 
(2011), 89-98.   
 
Wong, N., Tan, P., Sia, A., and Wong, N. (2010). “Perception studies of vertical 
greenery systems in Singapore.” Journal of Urban Planning and Development. 136 (4), 
330-338. 
 
Wong, N., Wong, S., Lim, T., Ong, C., Sia, A. (2005). “Perception study of building 
professionals on the issues of green roof development in Singapore.” Journal of 
Architectural Science Review, 48 (3), 205-214. 
 
Yuen, B., Wong, N. H. (2005). “Resident perceptions and expectations of rooftop 
gardens in Singapore.” Journal of Landscape and Urban Planning, 73 (2005), 263-276. 
 
Supplemental Material 
 
Acuff, Z., Harris, A., Larsen, L., Magnus, B., Pumpbrey, A. (2005). “Building green for 
the future.” Case Studies of Sustainable Development in Michigan. Urban Catalyst 
Associates. University of Michigan, Ann Arbor, MN.  
 
Carter, T., Fowler, L. (2008). “Establishing green roof infrastructure through 
environmental policy instruments.” Environmental Management, 42 (2008), 151-164. 
 
Clark, E., Hinxman, L. (1999). “Developing a framework of competencies for facilities 
management.” Facilities, 17 (7/8), 246-252. 
 
Climate Protection Partnership Division. “U.S. Environmental Protection Agency’s 
Office of Atmospheric Programs”. 
<http://www.epa.gov/hiri/resources/pdf/GreenRoofsCompendium.pdf> (Nov. 3, 2013) 
 
Dagenais, D., Gagnon, C. and Pelletier, J.L. (2010). “Development of design criteria to 
improve aesthetic appreciation of extensive green roofs.” Acta Hort. (ISHS) 881:703-
708 http://www.actahort.org/books/881/881_115.htm 
 
United States Department of Energy Efficiency and Renewable Energy (EERE) (2004). 
“Green Roofs.” Federal Technology Alert. Washington DC. < 
https://www1.eere.energy.gov/femp/pdfs/fta_green_roofs.pdf> (Sep. 22, 2013) 
 
Floyd, J. F. (2009). “Survey research methods”, SAGE Publications, Thousand Oaks, 
CA. 
 
  
124 
 
General Services Administration (GSA) (2011). “The benefits and challenges of green 
roofs on public and commercial buildings.” A report of the United States General 
Services Administration. Washington, DC.  
 
Green Roof Advisory Group Report. (2011). “GRAG 2011 report to Austin city 
council”<http://www.austintexas.gov/sites/default/files/files/Sustainability/Green_Roof/
2011_GRAG_report_to_council.pdf>. (Apr. 25, 2013) 
 
Henry, A., Frascaria-Lacoste, N. (2012). “The green roof dilemma – discussion of 
Francis and Lorimer (2011).” Journal of environmental management, 104 (2012), 91-92. 
 
Hollon, M., McKinney, E.  (2012). “Building a green roof program in hot, drought-prone 
climates.” 10th Annual green roof & wall conference. Chicago, IL. 
 
Jungels, J., Rakow, D. A., Allred, S. B., Skelly, S. M. (2013). “Attitudes and aesthetic 
reactions toward green roofs in the northeastern United States.” Landscape and Urban 
Planning, 117 (2013), 13-21.  
 
Keith, A. (2003). “A strategy for facilities management.” Facilities, 21 (11/12), 269-274. 
 
Leedy, P. and Ormrod, J. (2010). Practical Research Planning Design, Upper Saddle 
River, NJ. 
 
Longnecker, M., Ott, R. L. (2010). “An introduction to statistical methods and data 
analysis”. Brooks/Cole. Belmont. CA. 
Punch, K. F. (1998). Introduction to Social Research. Sage Publications, Thousand 
Oaks, CA. 
 
Miller, C., Weeks, K., Bass, B., Berghage, S. B. (2010). “Stormwater policy ad a green 
roof (Dis)incentive for retail developers.” 8th Annual green roof & wall conference. 
Vancouver, Canada. 
 
Peck, S. W., Callaghan, C., Kuhn, M. E., Bass, B. (1999). “Greenbacks from green 
roofs: forging a new industry in Canada.” Status report on benefits and opportunities for 
green roof and vertical garden technology diffusion. Toronto, Canada.  
 
Rahman, S. R. A., Ahmad, H., Rosley, M. S. F. (2013). “Green Roof: its awareness 
among professionals and potential in malaysian market.” Procedia – Social and 
Behavioral Sciences, 85 (2013), 443-453.  
 
Rahman, S. R. A., Ahmad, H. (2012). “Green roofs as urban antidote: a review on 
aesthetic, environmental, economic and social benefits.” In: 6th South East Asian 
Technical University Consortium Symposium, 6 - 7 March 2012., King Mongkut's 
University of Technology Thonburi, Thailand. 
  
125 
 
 
Roper, K. O., Beard, J. L. (2006). “Justifying sustainable buildings-championing green 
operations.” Journal of Corporate Real Estate, 8 (2), 91-103. 
 
Siegler, D. (2006). “Green roofs for Austin: toward a more progressive model of 
technology transfer,” thesis, presented to University of Texas at Austin, TX, in partial 
fulfillment of the Requirements for the Degree of Master of Science in Sustainable 
Design. 
 
Sullivan, K., Georgolulis, S. W., Lines, B. (2010). “Empirical study of the current 
United States facilities management profession.” Journal of Facilities Management, 8 
(2), 91-103. 
 
Taheri, M. R., Rahman, N. A., Salleh, E. (2007) “The perception of cooling roofs among 
professionals in Iran.” ALAM CIPTA, International Journal on Sustainable Tropical 
Design Research & Practice, 2 (1), 27-32.  
 
Taylor, D. A. (2007). “Growing green roofs, city by city”. Environmental Health 
Perspectives, 115 (6), 306-311.  
 
United States Green Building Council (USGBC) (2014). “LEED rating systems: what is 
LEED?” <http;//www.usgbc.org/DisplayPage.aspx?CMSPageID=222> (Sep. 15, 2013).  
 
Weisberg, H. F., Krosnick, J. A., Bowen, B. D., (1996). “An introduction to survey 
research, polling, and data analysis”. SAGE Publications, Thousand Oaks, CA. 
 
Wilkinson, S. J., Reed, R. (2009). “Green roof retrofit potential in the central business 
district.” Property management. 27 (5), 284-301. 
 
Wong, N., Wong, S., Lim, T., Ong, C., Sia, A. (2005). “Perception study of building 
professionals on the issues of green roof development in Singapore.” Architectural 
Science Review, 48 (3), 205-214, < 
http://www.tandfonline.com/doi/abs/10.3763/asre.2005.4827?journalCode=tasr20#.U7T
AlfldX7Q> (Aug. 18, 2013). 
 
Yin, R. (2009). Case Study Research Design and Methods, Thousand Oaks, California.  
Yuen, B., Wong N. (2004). “Resident perceptions and expectations of rooftop gardens in 
Singapore”. Science Direct Landscape and Urban Planning, 73(2005) 263-276. 
 
Yudelson Associates (2007). “Green building incentives that work: a look at how local 
governments are incentivizing green development.” Green Building Incentives That 
Work. Tucson, AZ.  
 
  
126 
 
APPENDIX A IRB APPROVAL FORM 
 
A- 1 
  
127 
 
 
A- 2 
  
128 
 
APPENDIX B SURVEY 
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APPENDIX C RAW DATA TABLES 
 
C- 1: What is your Gender? 
Male Female Total
Austin 18 9 27
DFW 10 3 13
Houston 8 4 12
San Antonio 10 4 14
Total 46 20 66  
C- 2: Which of the following certificates you hold? 
Austin DFW Houston San Antonio Total
IFMA FMP 2 0 3 0 5
IFMA SFP 0 1 0 2 3
IFMA CFM 12 6 2 8 28
None 13 7 7 6 33
Total 27 13 12 14 66  
C- 3: What is the highest level of education you have completed? 
Less than 
High 
School
High School 
diploma or 
equivalent.
Some 
college, 
no 
degree.
Associate's 
degree.
Bachelor's 
degree.
Master's 
degree.
Phd. Total
Austin 0 0 4 2 13 8 0 27
DFW 0 1 1 2 8 1 0 13
Houston 0 0 3 1 7 1 0 12
San Antonio 0 0 1 0 8 4 1 14
66  
C- 4: How many years of experience do you have working as a facility manager? 
1 to 2 
Years
3 to 5 
years.
6 to 8 
years.
9 to 10 
years.
More than 
10 years.
Total
Austin 0 2 2 0 23 27
DFW 1 0 0 0 12 13
Houston 0 2 0 2 8 12
San Antonio 1 1 1 0 11 14
66  
C- 5: Do you know what a green roof is? 
Yes No Total
Austin 26 1 27
DFW 11 1 12
Houston 12 0 12
San Antonio 13 1 14
65  
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C- 6: How would you describe your knowledge on green roofs? 
Very Poor Poor Fair Good Very Good Total
Austin 0 5 10 5 7 27
DFW 3 2 5 1 1 12
Houston 0 3 7 1 1 12
San Antonio 0 2 6 4 2 14
65  
C- 7: Have you worked on a building with green roofs? 
No
1 to 2 
Years
3 to 5 
years.
6 to 8 
years.
9 to 10 
years.
More than 
10 years.
Total
Austin 19 3 5 0 0 0 27
DFW 11 0 1 0 0 0 12
Houston 9 0 1 1 0 1 12
San Antonio 11 2 1 0 0 0 14
65  
C- 8: Are you aware of any building in Texas with a green roof? 
Yes No Total
Austin 18 9 27
DFW 6 6 12
Houston 7 5 12
San Antonio 10 4 14
65  
C- 9: Do you know about educational opportunities for facility managers on the 
area of green roofs? 
 
Yes No Total
Austin 8 19 27
DFW 2 10 12
Houston 2 10 12
San Antonio 7 7 14
65  
 
C- 10: Have you pursued any education on green roofs? 
Yes No Total
Austin 4 23 27
DFW 1 11 12
Houston 1 11 12
San Antonio 3 11 14
65  
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C- 11: Do you hold a GRP? 
Yes No Total
Austin 0 27 27
DFW 0 13 13
Houston 0 12 12
San Antonio 0 14 14
66  
 
C- 12: Do you hold any LEED credential or certificate? 
Austin DFW Houston San Antonio
LEED GA (Green Associate) 2 1 1 0
LEED AP BD+C (Building Design +Construction) 2 0 0 0
LEED AP O+M (Operations + Maintenance) 2 0 0 0
LEED AP ID+C (Interior Design + Construction) 1 0 0 0
LEED AP Homes 0 0 0 0
LEED AP ND (Neighborhood Development) 0 0 0 0
LEED Fellow 0 0 0 0
LEED for Homes Green Rater 0 0 0 0
Green Classroom Professional 0 0 0 0
No 20 12 11 14  
 
C- 13: Would you like to see green roofs implemented in the buildings that you live 
or work? 
Yes No Total
Austin 12 15 27
DFW 3 9 12
Houston 5 7 12
San Antonio 8 6 14
65  
 
C- 14: Statement #1 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 10 13 2 2 0 27
DFW 2 6 2 1 0 11
Houston 3 7 2 0 0 12
San Antonio 1 10 3 0 0 14
16 36 9 3 0 64  
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C- 15: Statement #2 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 8 10 7 1 1 27
DFW 1 6 4 0 0 11
Houston 1 6 4 1 0 12
San Antonio 1 9 3 1 0 14
11 31 18 3 1 64  
C- 16: Statement #3 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 6 14 5 1 1 27
DFW 2 7 2 0 0 11
Houston 3 7 2 0 0 12
San Antonio 1 10 2 1 0 14
12 38 11 2 1 64  
C- 17: Statement #4 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 6 15 4 1 1 27
DFW 1 5 3 2 0 11
Houston 2 5 3 2 0 12
San Antonio 3 5 3 2 1 14
12 30 13 7 2 64  
C- 18: Statement #5 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 10 16 0 0 1 27
DFW 2 7 1 1 0 11
Houston 4 6 2 0 0 12
San Antonio 4 8 1 1 0 14
20 37 4 2 1 64  
C- 19: Statement #6 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 8 12 3 3 1 27
DFW 2 7 2 0 0 11
Houston 2 5 3 2 0 12
San Antonio 2 9 2 1 0 14
14 33 10 6 1 64  
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C- 20: Statement #7 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 11 11 4 0 1 27
DFW 2 6 3 0 0 11
Houston 2 8 2 0 0 12
San Antonio 2 11 1 0 0 14
17 36 10 0 1 64  
C- 21: Statement #8 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 6 8 10 1 1 26
DFW 1 9 1 1 0 12
Houston 2 6 3 1 0 12
San Antonio 2 7 3 2 0 14
11 30 17 5 1 64  
C- 22: Statement #9 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 3 5 13 3 2 26
DFW 1 4 4 3 0 12
Houston 1 1 8 2 0 12
San Antonio 0 4 5 4 1 14
5 14 30 12 3 64  
C- 23: Statement #10 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 7 12 3 3 1 26
DFW 2 9 1 0 0 12
Houston 2 6 3 1 0 12
San Antonio 1 9 4 0 0 14
12 36 11 4 1 64  
C- 24: Statement #11 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 4 10 9 2 1 26
DFW 1 7 4 0 0 12
Houston 2 4 4 2 0 12
San Antonio 1 7 5 1 0 14
8 28 22 5 1 64  
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C- 25: Statement #12 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 8 10 5 1 2 26
DFW 1 5 4 2 0 12
Houston 2 5 4 1 0 12
San Antonio 4 6 3 1 0 14
15 26 16 5 2 64  
                            
C- 26: Statement #13 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 7 9 8 0 2 26
DFW 2 3 5 2 0 12
Houston 2 5 3 2 0 12
San Antonio 2 4 7 1 0 14
13 21 23 5 2 64  
 
C- 27: Statement #14 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 7 12 3 2 2 26
DFW 2 5 2 3 0 12
Houston 3 2 6 1 0 12
San Antonio 3 6 5 0 0 14
15 25 16 6 2 64  
C- 28: Statement #15 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 9 10 4 2 1 26
DFW 2 6 4 0 0 12
Houston 2 6 3 0 1 12
San Antonio 2 8 4 0 0 14
15 30 15 2 2 64  
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C- 29: Statement #16 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 9 11 3 2 1 26
DFW 2 10 1 0 0 13
Houston 4 3 4 1 0 12
San Antonio 2 10 2 0 0 14
17 34 10 3 1 65  
C- 30: Statement #17 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 8 8 6 1 3 26
DFW 1 10 2 0 0 13
Houston 4 3 3 2 0 12
San Antonio 2 7 3 2 0 14
15 28 14 5 3 65  
C- 31: Statement #18 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 10 9 5 1 1 26
DFW 3 8 2 0 0 13
Houston 3 6 3 0 0 12
San Antonio 3 7 4 0 0 14
19 30 14 1 1 65  
C- 32: Statement #19 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 5 8 8 3 2 26
DFW 1 4 3 4 0 12
Houston 0 3 5 3 0 11
San Antonio 1 6 6 1 0 14
7 21 22 11 2 63  
C- 33: Statement #20 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 4 10 7 2 3 26
DFW 1 6 1 4 0 12
Houston 1 3 4 2 1 11
San Antonio 0 6 5 3 0 14
6 25 17 11 4 63  
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C- 34: Statement #21 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 7 10 7 0 2 26
DFW 1 6 2 3 0 12
Houston 3 3 3 1 1 11
San Antonio 1 5 8 0 0 14
12 24 20 4 3 63  
C- 35: Statement #22 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 7 13 5 1 0 26
DFW 2 8 1 0 0 11
Houston 6 2 2 1 0 11
San Antonio 5 6 1 2 0 14
20 29 9 4 0 62  
C- 36: Statement #23 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 2 1 13 10 0 26
DFW 1 3 4 3 0 11
Houston 1 5 4 1 0 11
San Antonio 1 1 7 4 1 14
5 10 28 18 1 62  
C- 37: Statement #24 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 2 5 10 9 0 26
DFW 0 6 3 2 0 11
Houston 1 5 4 1 0 11
San Antonio 2 2 7 3 0 14
5 18 24 15 0 62  
C- 38: Statement #25 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 6 12 6 2 0 26
DFW 0 7 3 1 0 11
Houston 2 4 3 2 0 11
San Antonio 3 4 6 1 0 14
11 27 18 6 0 62  
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                                              C- 39: Statement #26 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 5 8 10 3 0 26
DFW 0 6 4 1 0 11
Houston 1 5 4 1 0 11
San Antonio 2 4 6 2 0 14
8 23 24 7 0 62  
 
C- 40: Statement #27 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 5 8 10 3 0 26
DFW 2 9 2 0 0 13
Houston 2 5 2 1 1 11
San Antonio 5 4 3 2 0 14
14 26 17 6 1 64  
C- 41: Statement #28 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 6 8 9 3 0 26
DFW 3 7 3 0 0 13
Houston 2 4 3 1 1 11
San Antonio 5 3 3 3 0 14
16 22 18 7 1 64  
C- 42: Statement #29 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 5 10 7 4 0 26
DFW 2 9 1 1 0 13
Houston 2 5 2 1 1 11
San Antonio 3 5 4 2 0 14
12 29 14 8 1 64  
C- 43: Statement #30 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 6 9 9 2 0 26
DFW 3 6 4 0 0 13
Houston 3 4 2 1 1 11
San Antonio 4 4 3 3 0 14
16 23 18 6 1 64  
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C- 44: Statement #31 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 8 7 7 4 0 26
DFW 4 6 3 0 0 13
Houston 2 5 3 0 1 11
San Antonio 4 2 4 4 0 14
18 20 17 8 1 64  
C- 45: Statement #32 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 5 4 15 1 1 26
DFW 0 7 6 0 0 13
Houston 0 4 6 0 1 11
San Antonio 4 3 7 0 0 14
9 18 34 1 2 64  
C- 46: Statement #33 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 4 6 15 0 1 26
DFW 0 5 8 0 0 13
Houston 0 4 6 0 1 11
San Antonio 4 4 6 0 0 14
8 19 35 0 2 64  
C- 47: Statement #34 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 1 6 11 8 0 26
DFW 0 8 5 0 0 13
Houston 2 4 3 2 0 11
San Antonio 1 5 6 2 0 14
4 23 25 12 0 64  
C- 48: Statement #35 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 2 7 8 8 1 26
DFW 0 5 6 2 0 13
Houston 2 5 2 2 0 11
San Antonio 1 3 7 3 0 14
5 20 23 15 1 64  
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C- 49: Statement #36 
Strongly 
Agree
Agree Neutral
Disagre
e
Strongly 
Disagree
Total
Austin 5 17 3 1 0 26
DFW 2 10 1 0 0 13
Houston 1 5 2 1 2 11
San Antonio 3 9 0 2 0 14
11 41 6 4 2 64  
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